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CLINICAL AND EXPERIMENTAL 


A CLINICAL METHOD FOR STUDYING THE FACTOR OP HUMAN 
RELATIONS IN DISEASE' 


Kliot 3): Chapple, Ph.I)., ako Warren T. Vauuiian, Jr., Boston, JIass. 


T he Icchuique of iiicasui’ing human relations wliicli wo are to describe evolved 
as a result of the need for a niethod of objectively desenbinj? and analyzinj^ 
data obtained in authropolojric field studies and interviews. It lias been de- 
scribed in detail elsewhere.*' • It provides the sociologist, psychologist, and 
anthropologist with a useful means of visualizing at least some of the dymimies 
involved in intei'personal relations. The physician as well will find this melJiod 
of some value in understanding those baflling problems in interpersonal rela- 
tions which invariably appear in the practice of medicine. 

Often the doctor gives advice to his patients which i.s tempered by a con- 
sideration of each patient’s personality. Kven )>efore tlie deve]o])»jent of 
psychiatry the physician considered this factor. The family doctor realized, 
by virtue of his long-time association with families, that the manner in whicli 
the mcmbcr.s of a family group adjusted thcmsolvcs to eacli other was an 
important factor in precipitating emotional upsets, which might not only eniise 
disease but were fundamental in determining the future course of illne.ss and 
the patient’s manner of recovery. With the development of his “life chart” 
technique for ]>resonting ease histories, Adolf Meyer® early cmplinsized tlie 
basic interrelation of environment and mental disease. Today interpersonal 
relations are recognized as being a most inip<»rtant part of environment, ami as 
diagnosis and treatment of disease have progressed, this factor has gradually 
been nnmashed so that it is now cUiueaHy recognized as being a eniisal or 
precipitating factor in many illnesses and a factor modifying the prj>grr.s.s of 
all disease. 

•From this D«prtrtmcnt of Nourops>chlRtr>. Hannrd MctUcal School no«l the DepTrtJoojjt 
of P.«ychlatry. iMa''.‘nchu?ct{5 General Ho^pitni. 

ReeeUeJ for pnbllcalion. May 1. 191.1. 
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We olfer here a method -which enables the physician to understand more 
clearlj’- the problems of interpei'sonal relations -svhich his patients present. By 
its use the concept of interpersonal relations becomes more tangible, becomes 
subject to measurement. Psychosomatic medicine is a new and broad field in 
which the wisdom and skill of the clinician, psychiatrist, social worker, and 
others are taxed to the utmo.st in attempts to bring relief to the patient. The 
psychoneuroses likewise demand special skills. The clinical measurement of 
interaction by means of recording the time relations in inteiwiews of the doctor 
with the patient and with others in the patient’s environment will aid in the 
understanding and treatment of these confusing psychosomatic and psycho- 
neurotic disorder’s. 


THEORETICAL CONSIDERATIONS 

Interaction is defined as that portion of a person’s total actiruty which 
is immediately followed or preceded by activity on the part of another person. 
A conversation between the doctor and the patient represents a sample of the 
daily interaction of each. Almost all of an indi-^ndual’s life is spent in inter- 
action -ttuth other indirtduals in institutions, such as the home, business, clubs, 
et cetera. The most striking feature of the interaction of individuals is that each 
individual tends to maintain an equilibrium with respect to the quantity and 
type of interaction in which he partakes. Human beings have the property of 
maintaining a fairly constant amoimt of interaction in their interpersonal 
relations and of compensating for any changes in these relations by appropriate 
reactions. This concept of equilibrium is most useful when considering psy- 
chiatric problems in general practice. 

The internal environment of each individual is maintained in a state of 
homeostasis by the action of the autonomic nervous system and, as Cannon 
and his associates® have convincingly^ shomi, tliis constancy of the internal 
environment is maintained against the disturbing effect of changes in the 
external environment. Disturbances of the equilibrium which exists in inter- 
personal relations result in an activation of the autonomic nervous system. 
Emotion is an outward expression of this activation. The mechanisms which 
a person possesses to maintain himself in a state of homeostasis despite changes 
in his external environment are no less active during times when great stress 
is being brought against him by other persons than when he finds himself, for 
instance, inadequately protected from cold. IMany of the symptoms of the 
psychosomatic and psychoneurotic disorders arise from this activated auto- 
nomic nei’vous system. The nature of the responses to stimuli from other persons 
is determined not only by conditioning or “past experience” and from the 
resultant cortical activity, but also by the autonomic nervous system which 
“endeavors” to maintain each person in his characteristic equilibrium with 
other people and the rest of the external environment. 

Not only may each individual be regarded as being in a state of equilib- 
rium in his interpersonal relations, but each of these equilibrium states will 
differ from individual to individual. Some persons may require a great 
amount of activity -nuth others, while some ma}’’ be content with a rather small 
amount of daily acti-rity. Some pereons may need more originative activity; 



CHAPPLE AND VAUGHAN, JR.: HUMAN RELATIONS IN DISEASE 3 

these represent the “extravevt*' type of person. This cquilibrmm is a rela- 
tivelj’ stable property of each imlividual. It is developed in childhood Avithin 
the family institution, and its form depends upon the relationship of the child 
to the various members of the family. It undergoes modification during the 
school years, adolescence, and young adulthood a.s ihc individual broadens his 
field of interpersonal relations. The stability of an equilibrium is veekonod 
by the degree to ivhich emotional reactions fail to be called forth during inter- 
personal relations. Great stresses upon an equilibrium, sucli ns marriage, death, 
birth, loss of job, ct cetera, will cause profound emotional reactions. However, 
a stable equilibrium in normal day-to-day Imng will find little strong emotional 
coloring to interpersonal relations. “"Emotional instability” may be considered 
as merely the refleetion of an unstable cquUibvlum. The development nf an 
unstable equilibrium is a most complex phenomenon, as yet far from understood, 
and involving heredity, conditioning, sudden environmental changes, and so 
forth — in fact, involving a consideration of the individual’s present sifualion. 
his past, his whole life experience It is this fact that Adolf Meyer emphasized 
forty years ago. 

Laboratory evidence of the validity of these concepts is derived from several 
source.^. Spontaneous activity lias been described by Ricliter® as that activity 
which animals exhibit when environmental .stimuli are removed. lie has demon- 
strated that rhythmic variations in amount of spoutfueous activity exists in rats 
in relation to hunger, thirst, elimination, and the cstrous cycle. Stier' has 
demonstrated similar ihythms and has shown tliat the basic nmoiints of daily 
activity in newhom thermolabilc mice varies with changes in lemperatuvo. This 
work corresponds to that done by Croziei** and others, who have demonstrated, 
with changes in temperature, changes in the rates of various specialized activities 
in poikilothermic animals such as chirping of crickets and breathing movements 
of fish. The relations of activity rate and IcmperaUire have been equated and 
shown to have properties indicating control by relatively simple chemira) 
reactions. Hoagland® has termed such reactions “pacemaker reactions,” and 
postulates the presence of a sy.stcm of svieii I'cnctions involving inorgnnio 
catalysts as controUuig t)ic various activity rates of organisms. 

In the higher organisms the endocrine and homcostatie-controUing mecha- 
nisms naturally serve to mask tlio presence of such basic patterns. Changes in 
actiWty resulting from changes in the external environment result in marked 
deviations from any basic activity rate. Nevertheless it is of some interest 1o 
postulate the presence of this basic rate. Richter has demonstrated .species dif- 
ferences in amounts of daily spontaneous activity, but has not to our lamwledgc 
shown that there is a racial difference. However, evidence from other .sources 
indicates that basic interaction rntc.s arc inherited. One of us lAV. T. V.. .Tr )® 
has found that highly inbred white mice differ markedly in interaction rates 
from inbred broum mice and also that the wliitc mice arc boiler equipped to 
withstand diminution of o.xygcu tension than are the brown miee. Seutt’"' has 
observed differences in the mating behavior of vaviou.s strains of white and )>romi 
mice; this also suggests hereditary differences in interaction. 

Individual variations in this basic rate within homogenous strains are 
probably the result of, first, variations in the external environment, and. second, 
past experience of conditioning, and, third, developmental changes in\'o]ving 
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primarily the endocrine system. Temporaiy changes in interaction rate which 
are usually compensated for by the individual and which involve emotional 
reactions are a result of the first of these three, and changes in equilibrium 
which occur over a number of years as the individual grows and is exposed 
to new situations involve the development of interaction patterns and rates 
due to the factor of conditioning. Allee^^ has studied many mice of dilferent 
races and has, by virtue of the racial differences in behavior reported by Scott, 
been able to carry out controlled experiments demonstrating that variations 
in conditioning dose affect activity rates. He has placed this study on a quan- 
titative basis, and has shown that to develop, for instance, a high activity rate 
with initiative characteristics, it takes a lesser amount of a certain conditioning 
stimulus in the more dominant race of brown mice than it does with the more 
submissive white mice. Activity changes paralleling changes in endocrine 
balance have been noted by Richter in the laboratory and are seen clinically 
during the menopause, adolescence, and most strikingly during testosterone 
therapy for eunuchoidism’' and other disorders. 

All the eiddence points to the presence of these four main factors affecting 
activity and interaction : heredity, development or endocrine balance, environ- 
ment, and conditioning. It is impossible to consider one without the other. 
The effects of aU four blend, resulting in the most complex integration of 
stimuli and responses, the behaiuor of the living being. 

THE INTERACTION CHRONOGRAPH AND JIEASUREJIENT OF INTERACTION 

With this understanding of interaction and of the equilibrium present in 
interpersonal relations,' we can proceed to describe the method for measuring 
interaction and for visualizing the equilibrium which a patient may exhibit. 
In an interview with a physician, of course, the patient may not be exhibiting 
the equilibrium which is quite characteristic of his home or business inter- 
action. This must be determined by a carefully taken history, such as has 
recently been described by Saslow and Chappie.” However, since the relation 
of the physician to others is of a rather constant nature from the point of view 
of interaction, it is possible to compare the interaction of various patients with 
the doctor and derive valuable data therefrom. 

Fig. 1 illustrates the interaction of one person with another during an 
ordinary conversation. Interaction, as we have said above, is that part of a 
person’s activity which is preceded or followed by activity on the part of 
another individual. In an 3 ^ conversation, interaction consists of alternating 
talking and silence. Ordinarily, when one person talks, the other is silent. 
However, at times one person may interrupt the other, and both will talk at 
the same time until one of them .stops; or one person maj' fail to respond 
when the other stops talking, and both will bo silent till one or the other begins 
to speak again. In a conversation, then, we can measure the consecutive 
lengths of time each person talks and is silent, the length of time he interrupts 
the other or fails to respond, and the frequency with which each outtalks the 
other or starts acting after a double silence. If neither person interrupts 
the other or fails to respond, we can regard them as well adjusted, since each 
is able to synchronize his interaction pattern with the other within short intei’- 
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vals oi time. The more interruptions and failures to respond and tlie longer 
they last, the poorer is the adjustment. If these durations of actions and 
silences are plotted in such a way that action is marked by an increase and 
the following silence by a decrease, we can then obtain a graphical representa- 
tion of the interaction. In Fig. I along the ordinate is measured the excess 
in duration of actions of the snbjcct over duration of silences, expressed in 
seconds. Along the abscissa are plotted the interaction units, that is, the 
intervals wbich melude one action and its successive silence. As a person 
becomes more talkative relative to his silences, the activity curve (A minus S) 
moves up; as he is silent, it moves down. It can be seen in Fig. 1 that the 
individual was very talkative. 

The four curves shown in the graph represent the different measures taken 
during the interaction of one individual with another. They are in the form 
of an alternating scries, namely, a series in which the actions are reckoned as 
positive and the silences negative, and the scrio.s of actions and silenee.s is 
summed einnuiatively. The use of the alternating series in describing inter- 
action is based upon our basic assumption that llie amount of , activity and 
inactivity of an individual bears a constant relationship, that an equilibrium 
exists. If there is an e.xoe.ss of activity at one time during tlie day, tliere will 
be an increase in inactivity iater in the day, maintaining a rather con.stanl 
daily rate of activity. These variations in output of activity have been de- 
scribed by Stier, Ricliter, and Skimicr,*' '• ’* Since the interaetion situation 
requires an alternation between the action of one person and the action of 
another, some kind of balance has to be obtained in the durations of activity 
for each individuai. The alternating series provides a continuous mca.sure of 
the changes in output from individual to individual and of the adjustments 
which each has to make to the other. 

The first curve, marked in a solid black line, is the uctivitu ciirue of tlie 
individual (A minus S), the duration of ids actions minus duration of liis 
siieiiees .sununed in aitci’noting series. In (lie same manner, tlie second curve 
represents his adjustment to the other person and is conveniently called the 
patient's adjustmeni curve (U minus W). It consists of tlie duration of the pa- 
tient’s interruptions of tlie doctor minus the duration of his failures to respond; 
The third curve (V minu.s X) is the corresponding adjustment curre for tin- 
doctor, tile duration of his interruptions niiiuis the duration of Ids failures in 
respond. Tiie fourtli curve is called the patient’s initiative curve (bar minus 
no bar) and rcpresent.s a count of tiic fi-equcncy witli iviiich tlie patient, after 
interrupting, outtalks the doctor or, after a period when botli arc silent, initi- 
ates the activity tniuiis tliosc instances when tlie doctor outtalks the patient or 
initiates action after a silence. It measnrc.s the frequency or degree of dond- 
nance of one individual or the other. 

The apparatus used to measure interaction is called tiie Interaction Cliron- 
ograph. It actually draws the fonr curves wldie tlie interview is in progress, 
so that as soon as the interview is over, the prapii i.v iiiimediateiy availnbie. 
The maeldnc is operated by a technician who iia.s before her two keys, one for 
each of tlie persons interacting. IVhcn tlie patient talks, slic presses ids key 
and holds it down until be stops, wiien she releases it. When the doctor talks, 
she similarly operates ids key. Tltrough an clcctrica! system, the appropriate 



6 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


writing arm is activated and the curves rise and fall as the interview proceeds. 
In the illustrations the curves have been smoothed to simplify their appearance. 

In Fig. 1 we see that the activity rate of the subject is relathmly high, as 
noted by the positive slope of the A minus S curve. Prom these data alone, 



of course, it is impossible to tell whether or not this subject can maintain his 
high activity rate throughout the day. In order to maintain such an equilib- 
rium he would need to interact with people who did not possess equally high 
rates ; otherwise, we would find either that he would he continually interrupt- 
ing his, associates or that he or they would have to modify their natural rates 
very seriously in order to maintain an adjustment during conversations. In 
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this instance we see that satisfactory adjustment was maintained, as evidenced 
by the almost horizontal adjustment curves. The partner's adjustment curve 
(V mimis X) shoxvs a slis-ht downward tmid. Tltis means that he failed to 
respond more than he interrupted. The XT minus XV curve likewise has n 
slightly negative slope. Despite the high activity rate of one individual there 
was very good adjustment during this conversation. At one point, it will be 
noted, the activity curve (A inimis S) descends; this means that the partner 
was talking an excessive amount during that period of time. If he had been 
quiet, this would be revealed by a coneurreiit fall in his adjustment curve 
(V minus X). This naturally upset the equilibrium of Ihc first individual, wlm. 
as we see, is at this time a very talkative person. Uis raj)id activity rate ^vns 
regained soon afterwards, however, as the activity curve resumes its {previous 
degree of rise. It is to be noted that the slope of the initiative curve (6 minus 
0) increases at this same time; this meams that thougli lie was interni])ted. 
the first person regained his dominance and exceeded his partner in tnlhing. 
Here then is an instance where an individual in a state of equilibrium suffers 
a slight disturbance and compensates for the disturbance by outtalking the 
other person and forcing him to modify his rate, thus ending the disturhaneo 
and restoring his equilibrium. 

MEDICAL APPLICATION OF THE COXCEPl’S OF EQUILIimiUM AND INTERArxiON 

Even ill the siinplc.st instances of illness, the pltysieian will find it of utmo^t 
value to prescribe the type of environment mo.st suited for an individual 
patient's equilibrium. This will involve a eon.siderntion of the patient's nor- 
mal rate of activity, his capacity for ndju.sting to others, and his need to domi- 
nate or initiate tlie action. Thus, in Fig. I, if it be considered a picture of 
that person’s <Iai]y activity instead of simply thirty mimitos of it. not only 
would he need to maintain a high «nctivit,v rate but he would also have to 
dominate the interaction, initiate action whenever silences occur. If sueli a 
person is placed in an environment in which he has to respond to many actions 
and is not given an opportunity to initiate action to other.s, his equilibrium 
will be disturljcd and an emotional reaction with altered behavior will prub- 
ably be inanife.sted. Situations such as this may be created when a patient ’.s 
enviromuent i.s changed duo to illness, Pationt-s ill at liomc are emniimnly 
surrounded by members of their family group with wliom in normal times they 
would interact only for a few hours during the day. Unless the family is a 
very well-adjusted one, the patient may be thrown out of equilibrium becau.se 
ho now has to interact with the family group throughout the daj'. Interper- 
sonal relations become an important consideration in the choice of a nurse or 
eompanioii for the ill or convalescent patient ; in such in.stanccs the jiatieiP 
is especially affected by any disturbance in his interper.sonnl relations, for he 
can no longer regain equilibrium through the channel.s of interaction normally 
open to him. These fact.s are of e.spccial importance in the handling of pa- 
tients who arc clmraeterizcd by extreme dc\*mlion.s in their interaction pat- 
terns, such as arc most cumimmly seen in the psychosomatic and psychoneumtie 
disorders. In .such i-ases the doctor should note carefully the eharacl eristics of 
the interpersonal relations of the patient and those persons in his environment, 
for the degree to which the patient can be brought to cooperate and cun lie 
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made to feel emotionally stable in his interpersonal relations determines to a 
great extent the efficacy of treatment. 

In those eases in -which there is a great emotional factor, and indeed in 
all illnesses, the interpersonal relations of the physician himself with the pa- 
tient hears scrutiny. All patients have different rates of interaction and dif- 
ferent requirements for equilibrium, and yet each physician has clear-cut needs 
himself in terms of his relations to others. The physician must adapt himself 
to all types of persons and suffei- upsets of his own equilibrium in order to 
maintain that of his patients in their interpersonal relations. He must under- 
stand the character of each patient’s equilibrium and guard it against dis- 
turbance during the change in interpersonal environment necessitated by 
disease. 

DI.SORDERED EQUILIBRIA 

Great stresses in the interpersonal relations of an individual which result 
in temporary disequilibrium can usually be compensated for by the individual 
and his equilibrium restored. If these stresses continue, however, or if the 
compensatory reaction does not restore the equilibrium, the individual may 
gradually achieve a new equilibrium which is based upon an altered system of 
interpersonal relations. The most important stresses which bring about these 
profound modifications of the individual’s personality are the major crises of 
life: death, birth, marriage, or entrance or departure from an institutionalized 
system of relations in which the individual has made an adjustment, such as 
entrance to school, or graduation, loss of a job, moving into a new community, 
and so forth. Each of these changes involves a change in the interaction of 
the individual, an increase, a decrease, a greater or less adjustment ; and the 
reaction of the individual to these crises may bring about far-reaching effects 
in the kind of equilibrium he can attain. For these changes at the same time 
necessitate changes in the emotional adjustment of the individual thi’ough the 
operation of the autonomic nervous system, and the emotional changes may 
remain in varying degrees until a new equilibrium has been established. 

Sometimes the new equilibrium is not a normal one. We may speak of 
it as a disordered equilibrium. The individual is unable to adjust himself to 
his new environment ; the emotional disturbance, at first a normal physiologic 
phenomenon, fails to terminate, and over a period of months or years an 
equilibrium is attained which may involve a distortion of the interaction pat- 
terns and a malfunctioning of the autonomic nervous system. These disordered 
equilibria can develop not only after a major crisis, but also as a result of a 
cumulative series of minor crises during the early formative years of an indi- 
vidual’s life. Some of these persons present themselves to the phj’^sician witli 
symptoms referable to some function of the autonomic nervous system. Others 
consult the physician because their relation to the environment is not satis- 
factory, and still others are committed to medical care because their presence 
in society only serves to upset the equilibria of other people. Such disorders 
have been divided into tliree great groups, depending upon the predominating 
s^unptomatologj*, the psychotic, the psychosomatic, and the psj^ehoneurotic dis- 
orders. Let us consider tliem now in the light of our understanding of inter- 
personal relations. 
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The psychosomatic clisorcters include many diseases in which ‘^emotional 
disturbances” or “psychic traumas” play an important role. Certain cases of 
peptic ulcer, mucous colitis, ulcerative colitis, cardio.spasin, and neurocircula- 
tory asthenia fall in this firoup. Diseases and symptoms which often have a 
psychogenic factor include diai'rliea, constipation, headache, fatigue, asthma, 
hay fever, neurodermite, Oraves’ disease, rheumatoid arthritis, and jjcrhaps 
“the common cold” and essential hypertension. Ilerrmnmd^ ha.s said, “Dis- 
turbances of psychogenic and ncnrogeiiie oriatn make u]) at least one-third of 
all the disorders in cardiovascular eonsultation work.” Internists in other 
fields arc similarly faced with this problem of dealing with the emotional fac- 
tors in disease. Dmpba.si.s jjj this fact is fonnd in a recent rerien' of the 
psychosomatic disorders by Finesinger.'® 

White, Cobb, and Jones*" in their monograph on nuieous colitis state tliat 
in no instance in their series of .sixty cases was the patient the type of person 
who was able to carry on his daily activity independent of other people. The 
majority of patients exhibited characteristics of an “anxiety or tcnsional state.” 
It seems as if these patients had developed a disordered equilibrium which 
made them peculiarly dependent upon a eeHain daily intei'aetion rate, an 
equilibrium which stand.s only very slight stresses before severe disturbances 
of autonomic function result. 

Vaughan'^ has written of psychogenic factors in the many allergic discasos. 
Tic says, “Wo may look upon the extrinsic allergic excitants such ns pollens, 
foods, contact aUergens. and physical agents as part of one’s environment to 
which the normal person adequately adju.sts himself with rc.sulting inmumity 
or freedom from symptonm.” lie further states, . . the clinioal allergic 
response can nearly always be shown to be associated with the failure of satis- 
factory adjustment to environiiiental problems, oven though the problem, or 
shall we say the allergenic excitant, bo purely mental ” Ilis cases demonstrat- 
ing psj’chogcnic precipitating factors run the gamut of the common allergic 
manifestations, urticaria, vasomotor rbiniti.s, angioneurotic edema, asthma, and 
migraine. 

Summarizing present knowledge of psychosomatic disordeCvS, we .see timf 
many varied diseases which may ho treated by the gastroenterologist, the 
cardiologist, the nose and thi*oat man, the surgeon, or the allergist, have per- 
haps a common factor in the background, an inability of the patient to make 
a satisfactoiy adjustment to the external environment. Tiic jiliysieian who i.s 
on the lookout for these cnvii*onmcntal faetoiTi as cliologie agoni.s in disease 
will quickly recognize their presence in various eases. Often the otiolovy is 
obscure, and a very tUovauf^h review of the life of the pntient is neeess.*}rr to 
reveal their presence Often the physician may wish that he Inui some method 
by which he could appraise the “emotional state” of tlie jmtient. las relations 
with other peojde and how they aft’eet him. The inleraetiojt elinmogram rep- 
resents such a tool by which a lutsc line apprai.sal van be obtaiiusl. Supi»li- 
monted with other data, such as the very earofully taken history of “emotamal 
life,” and social service reports, the physician has very definite information 
on wliieh to evaluate the impurtanee of interpersonal relations in ei3oh»i5> 
and treatment. Below arc sev'cral case histories and interaction <*hronotrnuns 
of patient.s with disordered equiltlma and concurrent ilison.M'. Tliey sucuest 
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the usefulness of the interaction chronogram in treating these psychosomatic 
and psychoneurotic disorders. 

THE INTERACTION CHRONOGRAil IN DIAGNOSIS AND TREATMENT 

Pig. 2 illustrates a ease in ivliieh the pre.sence of environmental and emo- 
tional factors as dominant etiologic agents mas quickly recognized. In con- 



trast to Pig. 1, here ive see a hyperactive person, with whom the psychiatrist 
was unable to maintain good adjustment. The patient’s adjustment curve 
(U minus W) rises, meaning that she ivas interrupting the doctor. In turn, 
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his a(;l,iiistniont curve rises as he iiiternipis her. Pinally, ns the patient’s 
activity curve maintains a constant high slope, the initiative curve also rises, 
indicating that the patient was ever dominant during the interview. Such a 
picture as this is decidedly ahnormal and is, along witli oilier types of dis- 
ordered c((ui!ihria, typii'al of the nctivit.v of the.se people throughout the day 

TIME IN 
SECONDS 



The individual who gives the interaction of Kg. 1 might well sliow a com- 
pletely ditferent picture in a different sitnation. However, in most any situa- 
tion, the patient under discussion would give a picture similar to Pig. 2, She 



12 


.hk o,.- T.Anon.vTOuv cux.c. 


, 1 • ,• .unlninis u'ere of an allergic natoc, migw, 

is a patient whose duet cuinpla ■ ,.hinitis. She also had complairiti 

angioneiu’otic edeina, and ehriune vasom neuralgia. The preseiicni 

of diarrhea, epigastric pain. . ijceansc of the uuiltiplicitTo; 

allergens was demonstrated liy skin tests 
her complaints, she was treated on the psycliiat 



and t'« 


# 


This patient had a domineering mother, an invalid father, — - 
riages Avhich ended in divorce. The first marriage was prompted hy ® , 

to escape from the dominance of the mother and by it the patient hi'^ 


who has since been coininitted to an institution with the diagnosis 


of dei'«''‘; 


praecox. The patient had undergone an appendectomy and a panhyste'^ 

Since the last divorce, she had lived alone in an apartment and ' 

v’as 


•ectD®' 


engineering profession until entry into the hospital. Tier illness 


oi- 


lital-'*', 


chronic nature, and her improvement was only slight during her hosp“' 
The diagnosis Avas migraine, hypochondriasis, and neuralgia of undel®’' 

type- . ... 

From her earliest contacts with people this patient had undergo 
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turbinices to her equilibrium and emotional strain. Through many years of 
failure to achieve proper adjustment in her intei'j)ersonal relations, this pa- 
tient seems to liavc developed an improper functioning of her autonomic nerv- 
«>iis system, manifested by her varied symptoms. 


TIME IN 
SECONDS 


EM? 

SCHIZOPHRENIA 



Fig. 3 represents a case of hysteria. The cases so far examined by the 
interaction chronogram technique show a very steep activity curve ; this means 
that they talh almost continuously. The horizontal position of the doctor's 
adjustment curve (V minus X) in the first half of the curve indicates that he 
was able to adjust well to the patient, hut as the interview progressed, his 
adjustment curve vises steeply, illustrating that he was unable to maintain 
this satisfactory adjustment and began to interrupt the patient frequently. 


JOURNAL OR LABOKATORV AND CLINICAL MEDICINE 

Fig. 4 illustrates the typical interaction of a patient with an 'anxiety 
neurosis. In eontrast to the hj^steria presented before, the activity rate is in 
no way as pronounced, although in the latter part of the interview there is a 
short spurt of very high activity. The patient’s adjnstment curve has a defi- 
nite negative slope for the first half of the interview, .showing that until the 
latter part, there is a marked hesitancy and failure to respond irhen tlie doctor 
stops talking. 


LEVEL OF ADJUSTMENT 
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(SS3 A -NO OF INTERACTION UNITS FOR SUBJECT A 
■■■ 2 * NO OFYREE" interaction UNITS 
tsza B-no. of ihteraction wits for subjects 

Fisr. 0. 

Other psychoneuroses, sucli as obsessions and depressions, also pre.sent 
more or less chavaeteri.stic interaction rates, and examples have been published 
elsewhere, together with instances of the several p.sychoses.'®’ One psychosis 
is represented here for comparison, namely a case of .schizophrenia. Notice in 
Fig. 5 the characteristic alternations between great activity and inactivity, 
together with extremely pronounced failures to respond in the patient's ad- 
justment curve. The doctor’s adjustment curve (V minus X) i.s interesting, 
since it shows the use of two different techniques in an attempt to bring about 
adjustment : waiting for the patient to start in again, and trying to adjust to 
the patient. Both had no effect. 

Probably the most important criterion in the interaction chronogram for 
differentiating normal individuals from those who are suffering from psycho- 
frenic disorders lies in their adjustment curves. Perfect adjustment is defined 
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as the absence of intemiptions and failures to respond. Tlic degree of adjust- 
ment can be easily determined by comparison of the number of interaction 
units free of interruptions or failures to respond with the total number in the 
interview. Normally the proportion of free units to tlie total number of inter- 
action units is liigh. In the individuals suffering from psychogenic disorders, 
tliis proportion is very low. Fig. 6 shows the re.sult of calculating this pro- 
portion for five normal, five neurotic, anti five psychotic patients. 


TIME IN 
SECONDS 


O.L.c SISTER 



INTERACTION 

UNITS 


Not only does the measurement of interpersonal relations through the use 
of the Interaction Chronograph seem to be a help to the physician to determine 
when he is dealing with psychosomatic, psychotic, and psychoneurotic dis- 
orders, but it also may afford him an opportunity to treat the milder cases 
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manipulating the environment in order to help the person re-establish his 
equilibrium. A case in point is presented in Figs. 7 and 8. They are clinical 
records of the interaction (1) between the patient, a boy of sixteen, and an 
older sister, and (2) between the boy and the physician. This patient is the 
youngest of eight children, the oldest aged thirty-seven, the next to youngest 
being twenty-one. His mother died during his infancy, and he spent some 
childhood years in a foster home and an orphanage. When he was ten years 
old, he returned to live with his family, the other members of which ivere 
much older than he. At the time of the interview, he was living with his 
father, aged sixty, and three siblings. He was suffering from chronic fatigue 
and fainting spells, which had developed following a traumatic head injury. 

D.L.C DOCTOR 



No neurologic lesion could be demonstrated. Fig. 7 pictures his interaction 
with his sister while the two were waiting to see the doctor. During the 
twenty-minute observation period, he was silent the greater part of the. time. 
He did not respond to talking on his sister’s part, as is evidenced by the nega- 
tive slope of the U minus W curve. His initiative curve also descends. The 
descent of the V minus X curve indicates that during the few times the pa- 
tient did respond to his sister, she failed to continue the conversation. Thus, 
it appears from our measurements that he has a A^ery weak bond for inter- 
action Avith his sister despite the fact that she is the closest of the family to 
him in age. Social seiwice studies indicated that his bonds Avith other mem- 
bers of the family Avere no stronger. The patient Avas, therefore, unable to 
maintain an equilibrium at home, and since he had no outside activities, he 
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was unable to compensate for it elsewhere. Tlic sister likeu'ise is unable to 
maintain her equilibrium by interacting with her brother, but in the family 
group she has strong bonds with the older members of the family. 

Ill Fig. 8 the jiaticnt interacts quite normally with the doctor. In fact, 
lie ha<s positive .slopes in his activity rate; thi.s indicates that for equilibrium 
he would require a moderately high amount of interaction. The treatment for 
the patient obviou.sly involved ehanging his environment so that he could build 
up relations in which the interaction was sufficient to maintain his equilibrium, 
lie, himself, e.xpresscd a desire to leave home, but liis father forbade it. He 
was lielped to find a job away from home and when last heard from was well ; 
his symptoms had entirely di.sajqieared. 

CONCLUSION 

The advantage to the phy.sieiaii of these nietliods of .studying human inter- 
action should he clear. Tliey provide an objective set of criteria which can 
be u.sed to deal with the prolilems of interpersonal relations. By the use of 
such criteria in describing a patient’s behavior and by obtaining a careful 
hi.story, it is iiossible to liegin to formulate intcipersonal factors in a system- 
atic manner. The family doctor has long been aware of these factors by know- 
ing his families most intimately. 

The Interaction Chronograph should be of use to p.sychiatrists and clin- 
iciaiLS in investigative work especially, but an adequate understanding of the 
information lirought out in these studies should enable the clinician to under- 
stand more fully his jiatioiits' personalities and to j)rcscr]bo appropriate ther- 
apeutic measures, even though he docs not actual!}' use the interaction chrono- 
gram. This method of studying interpersonal relations is relatively new and, 
of course, does not give an inclusive measure of pliysiologic and psychologic 
“constitutions.” AVc arc dealing with a most complex mechanism, and this 
method is only one approach. 

In this connection Stanley Cobb has said, “Studying t!ie ‘whole individual’ 
would have to he a sort of armchair contemplation that would lead nowhere. 
Likewise, no student ever completed a description of the ‘total situation’ of 
another person. It cannot be done. AYhat one can do is this: approach the 
study of diseases recognizing that every human being is a whole individual 
and not the mere sum of his parts. That is something different, and only thus 
can one study the parts intelligently. That very important part of an indi- 
vidual, his personality, the way he reacts with other people, can be studied 
objectively by the method which we have described. The concept of inter- 
action and the application of physiologic tliouglit and method to the study 
of personality appears to us to provide both the physician and laboratory 
worker with a valuable tool for studying liuman behavior. 

The authors wish to expre.ss their appreciation for the helpful criticism given them by 
Dr. Erich Lindemann and Dr. Stanley Cobb in the preparation of this paper. 
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THE EFFECT OP SUBCUTANEOUS INeTECTION OF URINE AND 
URINARY EXTRACTS FROM RUEmiATOID PATIENTS INTO RATS* 


Hans AVaink, JI.D., Walter Bauer, and Gr\nville A. Bennett, M.D. 
Boston, jVIass, 


W HILE the etiolojry and pathopcnesis of rhcuniatoid arthritis remain un- 
lmo^Yn, its clinical features, constitxitinft a ■\vcll-rccognizcd disease entity, 
arc more sharply defined. One of the principal characteristics of the illness is 
plurisystcmie involvement. Both the clinician and the pathologist Icnow tliat 
besides tlie articulations and related skeletal structures, pleura and pericardium 
arc at times affected. If recent observations arc borne out, the endocardium 
may likewise be a site of injury in the disease. Adenopathy is frequent, and 
hepatomegaly and splenomegaly 01*0 occasional findings in rheumatoid arthritis. 
While some of the common symptoms and sigii-s, ns paraestliesins, vasomotor dis- 
turbances, diarrhea, and cachexia, may be sccondan' plienomena, the occiuTence 
of rheumatoid nodules in the sclera, pathologically identical with tivosc found in 
the subeutaneiim at otiior locations, suggests a fairly typical reaction on the part 
of several bodily systems to one or more dLsseminated disease agents. The 
thought that sucli a substance might be present in the circulating blood stream 
and excreted in the urine of rheumatoid patients lias undoubtedly motivated 
p^e^^ous investigations, but wc found no reports in the available literature in- 
dicating that the injection of urine or urinary extracts from such patients into 
laboratorj’ animals had been undertaken. The following experiments were tliere- 
fore done, mainly in an attempt to fill the gap and with the realization that a 
negative result would be inconclusive, both because the methods used in obtain- 
ing the injected material may alter the substance sought and the receiving animal 
may not lie .snsccptible to its action. 

materials and methods 

Twelve adult male alliino rats were used. Urine was pooled from only 
rheumatoid patients with active disease as gauged by clinical evidence and 
sedimentation rate. Collection of the fii*st morning voiding into clean glass 
receptacles was followed by immediate processing. A small part of the urine 
was passed through a Seitz filter into a sterile container, and 1 c c. of the fresh 
material was injected into tlie subcutancuin of tlic abdomen of 3 rats 4 times a 
week. 

One half of the remaining urine (about 1500 c.c.l was extracted with TO 
per cent aleoliol after adsorption with Kaolin, following a modification of the 
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procedures used by Houssaj'- and Biasotti,^ and Wearn, Miller, and Hcinle.- The 
extract was evaporated under vacuum, the residual taken up in sterile saline to 
make 5 c.c., and adjusled to a pH of 7.4. One c.c. of this preparation, corre- 
sponding to 300 c.c. of urine, was injected into 3 rats in the same way as was 
the fresh sterile urine. The remaining urine (about 1500 c.c.) was extracted 3 
times with chloroform in a separatory funnel. The extract was evaporated 
under vacuum and the residual taken up in sterile sesame oil to make 5 c.c. One- 
half c.c. of this preparation, corresponding to 150 c.c. of fresh urine, was injected 
into 3 rats as above. 


RESULTS 

One rat receiving injections of straiglit urine died of lobar pneumonia after 
the thirty-first inoculation. All others tolerated treatment for four months, after 
which time thej* were sacrificed. The other 2 animals in the first series and those 
receiving the alcoholic extract lost Aveight and showed evidence of failing health, 
such as deterioration of coat, apathy, and irritabilit}'. The 3 animals treated 
with the chloroform extract in sesame oil appeared to suffer no ill effect at all. 
None of the 12 animals developed any articular lesion. Immediatelj’’ upon death, 
autopsies were performed. Gx'ossly and microscopically, the joints were normal. 
The other skeletal parts Avere likeAAuse examined, as Avere the viscera. Such 
changes as Avere found in the internal organs Avere apparently nonspecific and 
inconstant. 


SUMMARY AND CONCLUSIONS 

1. TAvelve rats Averc injected subcutaneously Avith unprocessed urine and 
alcohol and chloroform extracts of urine from patients Avith active rheumatoid 
arthritis. 

2. The animals tolerated the procedure Avell and developed no significant 
lesions. 
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ACTIVE AND PASSIVE IJUIUNITV IN EXPERBIENTAL 
HEMOPHILUS PERTUSSIS INFECTION IN JHCE* 


John A. Toomky, Norman Lewis, jNLD., Earl Averill, M.D., 

Walter Drury, JI.D., ano Wiluam S. Takacs, B,S,, Cle\t-:laxi), Ohio 


TN THE past several years we have isolalcti several fractions from Hemophilus 
A periusm bacilli and from the fluid in wliieli these organisms grew. If became 
necessary to test the eHicacy of these fractions as active immunizing agents and 
to investigate tlieir ability to produce specific antibodies. Before anytliing could 
be done, however, we had to liave a test, a standard, an accurate measure of pro- 
tection, wljieli could be repeated and demonstrated at will under similar cir- 
cumstaucos. 

Our first problem then was to see if we could consistent^' produce the ex- 
perimental disease. Only after this was done would it bo extiedient to tiy ^nd 
demonstrate immunity. 

At the time these experimonis were performed, tliei’c were tliree methods 
in use to produce o.xiicrimcntal pertussis, tliosc of Silverthoi’iie,' Bradford.® and 
Lawson.® 


METHODS or IXrECTI.VC JHCE 

1. SiVt'cr^/iornc 's Hethod . — Silverthorne incubated phase I organisms for 
48 hours, scraped the growth, suspended it in saline, and standardized the solU' 
tion at 48 billion organisms per e.e. by bacterial count. We will refer to phase 
A, the diseasc-])roducing state of the organism’s existence, as distinguished 
from phase B, tlic nondiseasc-producing state. Thi.s would correspond to 
pliascs I and IV of Leshe and Gardner, rcsjjcctivcly. It is impossible, in our 
opinion, to distinguish accurately phasc.s other than these two.* The organism 
suspension was then added to 5 per cent swine gastric mucin, prepared according 
to the metliod of Jlishulow, Klein, Liss, and Liefer'* in a 1 :10 saline dilution and 
injected intrai^eritoneally into mice. The mucin was designated as J|1701-W and 
obtained from Wilson & Co. 

Results . — All of the Swiss mice (100 jjer cent) injected with tlic organism- 
mucin suspension died within 48 houj-s, while 4 or 26.6 per cent of tlie controls 
died. Thus, all the positive controls died. The number of deatlis tliat occuiTod 
in the negative control group was not .so higli that adjustments could not have 
been made for this error. 

Tins metliod has the disadvantage of introducing an abnormal variant, i.c., 
the mucin; it also }ia.s the disadvantage that the injection is made intraperi- 
toneally, an unnatural portal of cntiy (Experiment I, Table I). 

2. Bradford's Method . — A long incision is made over the ventral surface 
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of the neek, the muscles are retracted, the trachea is pulled into vieiv with a bent 
probe, and 0.05 c.c. of organisms standardized at 10 billion organisms/1 e.c. 
injected between rings directly into the lumen of the trachea. The edges of 
the skin are then approximated and held in place by collodion. 

Phase A H. organisms were grown on Bordet-Gengou media for 

72 hours and scraped off into 0.85 per cent saline solution. Thirty Swiss mice 
were injected with 0.05 c.c. of the organism suspension. Eleven control animals 
wore given 0.05 e.c. of saline. 

Results. — Onlj’^ 83.3 per cent of the infected animals died (Experiment II, 
Table I). Although Bradford’s is a good method, its disadvantage is that an 
operation has to he performed and an anesthetic given in order to introduce 
the organisms. 

3. Latcson’s Method .- — This worker anesthetized his animals, held them up- 
right, pulled the tongue forward, occluded the nostrils by pinching to insure 
aspiration, and injected 0.05 c.c. of a standardized suspension of organisms by 
sjTinge through a J-shaped needle over the posterior portion of the tongue. 

Phase A H. pertussis organisms were grown on Bordet-Gengou media for 
72 hours, scraped off, emulsified in normal saline, and standardized by bacterial 
count to 1 billion organisms/0.05 c.c. dose. Eighty Swiss mice were used, 50 
of which were injected. 

Table I 


RESULT 


RESULT 


expert- number 

MENT ANIMALS 


INJECTION 


DIED 


PER- NUMBER 
CEKTAGE ANIMALS 


INJECTION DIED 


PER- 

CENTAGE 


I 


Silverthorne 

30 


15 

Mucin 

4 

26% 

II 

30 

Bradford 

25 

S3.3 

11 

Saline 

3 

27 

m 

50 

Laivson 

15 

90 

30 

Saline 

3 


IV 

50 

Lawson 

49 

98 


Saline 

1 



Residts . — There ivas a definite response. Ninety per cent of the injected 
animals died, and only 10 per cent of the controls (Experiment III, Table I). 

The anesthesia caused some deaths. Since the procedure of insufflation was 
painless, anesthesia was not employed subseciuently. 

"We next tried to determine whether there was any difference in reaction be- 
tween Swiss and white mice. 

Eighty white mice were used, 50 of which were injected, 30 being controls. 
The results were conclusive. Ninety-eight per cent of the injected and 3 per cent 
of the controls died (Experiment IV, Table I). 

Conclusion . — Since a high mortality rate consistently followed, since the 
rates of death following the use of this were as high if not higher than with 
other methods, since the way in which the disease was produced was a natural 
one, since there were fewer variabilities to consider, since there was no pain and 
since anesthetics could be avoided, it was decided to use Lawson’s technique with 
the modification mentioned, i.e., without the anesthetizing process. Since, also, 
there was but little difference between Swiss and white mice, the latter were 
used exclusively in the subsequent experiments. 

ACTII'E AND PASSII'E PROTECTION EXPERIMENTS 

One infers from reading the literature that phase A (phase I) vaccine is 
an efficient active immunizing agent against the homologous phase organism. 
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It was fundamental for us to know whether we could actively immunize mice, 
since if tin's were possible, the immunizing value of other fraction antigens could 
be compared with it. , 

JExpenment V Active Immunity . — 

METHODS AND JIATERIAL 

Both phaseA {lyophilcdorganismsS) and phase B (^778) II. pertufisU wevc 
gro\ni for 72 hours, the former on Bordet-Gengou blood agar media and the 
latter on brain veal agar. The organisms were suspended in 1 :10,000 merthiolate 
solution and standardized at 10 billion/c.c. by bacterial count. The vaccine 
stood for 8 to 12 days, after which it was tested for sterility. It was neccssaiy 
to add 0.2 per cent formalin to the phase A bacteria, since the organisms were 
still alive. Subsequent recultures were sterile. The mice to be actively im- 
munized were injected subcutaneously at weekly intervals witli doses of 0.2 c.e., 
0.2 C.C., 0,3 c.e., and 0.5 c.e. vaceine, a total of 1.2 c.e. There were 10 groups 
of animals in this experiment. 

Group I was composed of G6 mice wliich were immimized with phase A or- 
ganisms in the usual way. Only 27 animals withstood the immunization process. 

Group 77, 58 animals, was immunized with a vaccine standardized at 1 bil- 
lion phase A organisms per c.e. in the same dosage as Group I; 45 sundved the 
immunization process. 

Group III, 63 animals, was injected with a phase B vaccine standardized at 
10 billion B organisms/e.c.; 47 animals survived. 

Group IV, Phase A organisms were .standardized at 10 billion organisms/c.c., 
and washed with sterile distilled water 5 or 6 times until clear. The washings 
were concentrated to 75 per cent of the original volume in the lyophile appara- 
tus and preservative was added. Sixty-one animals were immunized with the 
usual 5 weekly doses. Despite .the number of times centrifuged, at least 1 bil- 
lion organisms/e.c. were still present by actual bacterial count. Forty-six ani- 
mals sundved the immunizing procedure. 

Group V, 64 animals, was injected with the washed organisms which re- 
mained from Group IV. Tlie organisms were standardized at 10 billion/c.c. and 
the usual amounts injected. Thirty-six animals survived. 

Group VI, 67 animals, was immunized with washings of phase A organisms 
processed in a Sharpies high-speed centrifuge machine; 26 survived. 

Group VII: We have been able to isolate the fraction causing agglutina- 
tion and to obtain it in powdered form. It w'as used as an antigen in the same 
amounts as other antigens used in this work. 

Group VIII: Agglutinin antibody scrum was produced in rats by injecting 
the pure powdered agglutinin. The serum was used as a passive principle in the 
usual protective type of experiment. 

Group XI: Fifty animals w’ere used as positive controls receiving virulent 
organisms without previous protection. 

Group XII: Five animals received only saline and were used as negative 
controls. 

All the animals in each group received 0.1 c.e, of phase A organisms stand- 
ardized at 1.5 billion/0.1 c.c. 
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Results . — Our results were obvious. None of tlie immunization procedures 
employed established any strildng protection. This was surprising since we had 
felt that phase A organisms would give us some protection. We did not expect 
phase B organism vaccines to protect, since they had never protected before in 
any of our previous experiments except against their homologous strains. 

If our conception of initial sensitization is cori’ect, then the reaction with 
tlie agglutinin fraction was as expected.® There would be an accelerated produc- 
tion of the disease and the animal would die more quickly than comparable 
controls. Tliis is what happened. 

Experiment VI Active Immunitu - — Because the phase A organism used did 
not establish protection beyond that which followed other types of antigens used, 
it was decided to repeat the experiment using a different and more highly viru- 
lent organism. 

In the last experiment during the time inten-al between immunization and 
injection, the organisms might have lost some of their phase A characteristics 
and be proceeding toward the phase B stage. The organisms were kept in the 
virulent state by lyophiling them." This procedure did not modify the viru- 
lence of H. pertus.<<is, for after processing, 50 of the 50 mice were killed in 72 
hours by the standardized dose. The organism was again tested for virulence 
a few months later, and it still caused a 100 per cent mortality rate. 

JIETHODS AND M.A.TERIALS 

Tlie antigens used were phase A organisms standardized at 10 biUion/c.c., 
phase A organisms standardized at 1 billion/c.e., washings from phase A organ- 
isms, the washed organisms and again the agglutinin material, together with 
negative and positive controls. 

The dosage and the methods used were the same as in the previous experi- 
ment. 

Results . — The results were clear-cut. The negative controls all lived; the 
positive controls all died. Again there was but little protection brought about 
by vaccination with 10 billion phase A organisms/c.c.; again it was demon- 
strated that the agglutinin antigen actually liastened the death of the animals 
(Experiment YI, Table II) : 

Experiment VII Active and Passive Enmunitij . — These two premous experi- 
ments, although clear-cut, were at variance with our ideas of what should happen 
when phase A organisms were used as the antigen in mouse pi’oteetion tests. 
Accordingly, we repeated the experiments, using a new strain. Y^e did not 
use the Group lY antigen (antigen washings obtained from washed organisms), 
but we did try to demonstrate the protective effect of hyperimmune serum® 
(Group IX). This senim was obtained from an individual wlio had been in- 
jected subcutaneously with 2 c.c. of Sauer’s vaccine twice a month, from June 
to November of 1940. 

For a third time, our conclusions were the same as before. Phase A antigen 
did not protect. The hyperimmune serum gave protection, since only 30.6 
per cent of the animals died as compai’ed to 85.7 per cent of those protected 
with phase A vaccine and 100 per cent of the positive controls. 

Experiment VIII Active and Passive Imnnaiittj . — The three experiments 
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previously described did not show that phase A organisms actively immunized 
mice so well as has been reported. It was thought wise to do the active im- 
munizing experiments again with larger numbei’s of animals and to compare 
the results with those obtained by protecting with hj'perimmune serum (Group 
IX, Table II), with serum obtained from patients at the height of their disease 
(Group XIY), with serum obtained from the same patients later during their 
convalescence (Group XV), and with commerciaT antipertussis serums (Groups 
X and XI). 

There is little mention in the literature of what happens when mice are being 
immunized with the phase I organism. Our experience has been that nearly 
50 per cent or more of the animals die during this process. In the present ex- 
periment, we began to immunize 300 animals with phase A vaccine; only 142 
survived. 

Results . — The results from active immunization of this group of 142 mice 
were the same as with the three previous experiments when the animals were 
tested with a mrulent dose of pertussis. 

There were a lesser numlier of deaths following the use of human con- 
valescent serum as a passive principle as eompared to that number which fol- 
lowed the use of serum obtained from patients still in the incubation period 
(61 per cent and 75 per cent, respectively). One might say that there was a 
definite trend in the right direction, but perhaps the protection factor had not 
had time to maturate and the serum was obtained too early. 

One of the commei’cial antitoxins was in horse serum and gave but little 
passive protection. The commercial rabbit antipertussis serum showed definite 
eiddenee of protection. Hyperimmune senim again showed some protection, 
onl}' 42 per cent of these animals dying as compared with 99 per cent of the 
controls. 

Experiment IX.— The rabbit serum which was used in the above experi- 
ment was again tried in an isolated passive protection experiment. Only 39 of 
90 such animals or 43.3 per cent died. This confirmed our premous results. 

COMMENT 

One is at a loss to understand why so little protection was obtained with 
phase A vaccine. It was not due to a paucity of animals. It might be said 
that we had more than a minimum lethal dose. Even were this time, there should 
have been a trend towards protection, a trend which at no time was obvious, 
except as indicated. 

CONCLUSION 

1. Under the conditions of these experiments, using Lawson’s method to 
produce the disease, freshly isolated phase A H. pertussis organisms gave but 
slight protection to white mice when an attempt was made to immunize them 
actively with those organisms. The mortalitj" rate was 80.6 per cent as com- 
pared with 99 per cent in the controls. 

2. Under the conditions of these experiments, antigens obtained from wash- 
ings of the organisms, the washed organisms themselves, phase B organisms, and 
the lesser dilutions of phase A organisms, gave no protection in white mice when 
used in an attempt to produce active immunity. 
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3. Only sliglit passive protection was conferred by convalescent human 
serum; a slight degree of protection was given by one commercial horse anti- 
serum, since only 71.8 per cent of the animals died as compared with 97 per cent 
of the controls. Better protection was given bj' another antipertussis serum 
(rabbit) with a mortality of 44.2 per cent; tlie best protection, however, was 
obtained when we used Iiuman hyperimmune scrum (30.6 per cent mortality 
rate). 

4. Neither the pertussis agglutinin fraction nor the agglutinin fraction anti- 
serum protected wliite mice. In fact, tlicsc material.s accelerated tlic death of 
these animals; this is possible evidence Uiat a phase of the disease is one of 
sensitivity. 
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ANEURYSMS OF THE VERTEBRAL ARTERIES; A CONSIDERATION 

OF THEIR ETIOLOGY*' 


R. H. Rigdon, B.S., M.D., and Chester Allen, Jr., B.S., Memi^his, Tenn. 


' I ’HE frequency of intracranial aneurysms is indicated bj' the following ob- 

servations; Pearnsides^ found 44 cases in a group of 5,432 autopsies; Osier" 
observed 12 in 800 autopsies; Pitt" found 19 in approximately 9,000 autopsies; 
and Conway^ found 43 cases of undoubted cerebral aneurysms among 6,325 sec- 
tions. The vessels in the intracranial cavity have more aneurysms upon them than 
any other group of arteries of corresponding size in the body. The thinness of 
the wall of these artei’ies and the absence of supporting tissue maj’’ be factors in 
the frequent development of these lesions. 

Bradford, ■* in discussing the frequency of aneurysms on the cerebral vessels, 
says; “One cannot help thinking sometimes that the incidence of aneurysms 
of the cerebral vessels must be linked to the difference in the physiology of the 
cerebral circulation as compared with such a circulation as that of the viscera. 
The cerebral arteries are engorged passively whenever the tension rises in the 
systemic vessels . . . they are passively distended as the result of the increased 
aortic pressure which is transmitted to them through the column of blood.” 

The distribution of aneurysms upon the different intracranial arteries is 
significant in considering the etiology of the process. iilcDonald and Korb° 
assembled from the literature 1,125 eases of intracranial aneur 3 'sms published be- 
tween 1761 and 1938. The largest number of aneurj'sms in this group occurs 
upon the cerebral arteries; the second most frequent site is upon the internal 
carotids. The smallest number of anemysms is associated with the vertebral 
arteries. 

Arteriosclerosis according to Dial and Maurer” undoubtedlj’' plaj's the major 
role in the formation of intracranial aneurj^sms. Seven of their thirteen cases 
are considered to be associated with arteriosclerosis. The observation of Mc- 
Donald and KorlP that “in 49.5 per cent of the 572 cases in which the vessels 
were described there were sclerotic arteries” maj'' indicate the I’ole of arterio- 
sclerosis in the formation of these aneurysms. Keegan and BennetU express 
the opinion, however, that arteriosclerosis is rarelj'" the cause of cerebral aneu- 
rysms. Lebert,® as early as 1866, says, “Galcifjdng atheroma is rarely found in 
cases of cerebral aneurysm and is not an important cause of their formation.” 
Hoffman® in 1894 likewise concluded from a study of 78 cases that atheroma 
was rrot a common cause in the formation of aneurysms ; however, atheroma and 
a heightened blood pressure were important factors in the causation of ruptui’C. 
In a large group of cases of intracranial aneurysms Parker’” could find no evi- 
dence of arteriosclerosis auAuvIieic in the bodj". 

•From the Department ot Patholosy, University of Tennessee. 
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Syiiliilis niipavendy pSays an iiisigiiificaut roJc in (ho etiology of intra- 
cranial aneurysms. Samla" says that “it is remarkable that syphilis (1oe.s not 
I>lay any part in the fornnition of cerebral anenrysnis, “ Symonds^^ is of a 
similar opinion and says, “Contrary to former belief, it [syphilis] has heen 
.shown to he a rare cniisc of intracranial anenrysnis.'' TnrnbnU's” ob.seri-ation.s 
on sj 7 jlulitic artci'itis are important. “When the .smaller muscular and clastic 
arteries are the seat of syphilitic inflammation endarteritis is usually a marked 
feature, the lumen becoming aimo.st obliterated. It is clear that in such a con- 
dition aneurysmal dilatation is excluded. In some eases of intense inflammation 
with necro.sis the adventitia and media become greatly weakened before the in- 
timii lias greatly thickened; in sncli eases aneurysmal dilatation might occur but 
in my experience such intense inflammation has led to riipfuro of false aneu- 
rysm and not to the true aneurysm.” It doc.s seem that these aneurysms 
would he observed more often if they should follow artci'itis, since .syphilitic and 
tnhercnlons infections are .so frequent in the oranial cavity, .and nsiially the blood 
vessels arc involved in the inflammatory process. McDonald and Korb^ found 
evidence of syphilis in tlic eewbral blood vessels in 32 out of 36S cases of aneu- 
rysms which tlicy eolleeted from the literaliirc 

Systemic infections aiKl vegetative endocarditis with septic emboli may pro- 
duce some of the ntieur.v.sms that occur in Ihe cranial cavity, r'earn.sidcs' had 
13 cases that resulted from an neiile infectious process in a group o£ 44 intra- 
craninl ancury.sm.s. McDonald and ICorh* found the tnithologie !c.sions to he 
embolie in 62 out of a group of 368 eases of iiitraeranial anemysms which they 
collected from the litcralure. 

Many intracranial nitcurysms occur in individuals that show no elinienl 
signs of either vascular or eardiae disca.ses; neither do they show any sign.s of 
any causal agent a.s being rcsiionsible for the aneurysms. In such eases Conway’ 
says, "I must consider that these nnem-ysms are of congenital origin.” Dial 
and Maurer' found it diffieidf to eraluate the role ivliich anomalies and congen- 
ital aneurysms play in the formation of intracranial aneurysms. Some investi- 
gators consider that congenital defects are significant in the frequent develop- 
ment of these aneurysms. Forbus” has shown verj- nicely that the media in 
the wall of the cerebral arteries may fail lo nnitc in tiie acute angle formed at 
a bifurcation. Tins defect may not always lead to the development of an 
aneurysm; however, it.s presence pmUsposes to the development of an aneurysm 
at this site. Turnbull'' concluded that diffuse dilatation due to medial degenera- 
tion “is frequently found in the muscular arteries including the cerebral.” 

It is coriainly difficult lo evaluate the role that trauma m.sy play in the 
etiology of intracranial ancury.sm.s.' Ayer’" ha.s suggested that an intvaefanial 
aneurysm can be a sequel to a head injury in ea.ses in which the membranes are 
tom. In the process of healing these membranes form adhesions with the peri- 
arterial tissues and torsion results in the vessels. These serve to form pouches, 
and in this way the wall of the vessels becomes weaker. Turnbull'’ and Feam- 
sides,' however, do not consider trauma to play any role in the formation of 
intracranial ancun'sms. Parker’" does not think that trauma is nsiially a cause 
of these anemysms, although it may piwoke rupture of the distended sac. 

In considering the etiologj- of intracranial aneurysms it .seems important 
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to Study separately the aneurysms associated with tlie different arteries or groups 
of intraeranial arteries and to consider the location of the aneurysms with regard 
to bifurcations and branches. In a review of the literature it would seem that 
the data are conclusive on the development of aneurysms at the points of 
bifurcation. It is likewise obvious that a mycotic aneurysm may develop either 
as a result of a localized area of arteritis or as secondary to an infected em- 
bolus. 

Only 68 aneurysms have been reported as occurring on the vertebral ar- 
teries before 1938.^ Since this time, two additional cases have been reported 
by Bassae.’" In the excellent review by McDonald and Korb'^ they found that 
the right vertebral artery was the site of the aneurysm in 23, and the left in 36 
cases, while both vertebral artei’ies were involved in two cases. The involved 
artery was not given in seven of the eases. These aneurysms occurred in 40 
males and in 22 females; the sex was not recorded in 6 cases. The age distribu- 
tion is very significant in considering the etiology of vertebral aneury.sms. The 
following is the age at which they were found in a series of cases reported by 
McDonald and Korb° ; 


0- 9 years 2 cases 

10-19 years 3 cases 

20-29 years 2 cases 

30-39 years 7 cases 

40-49 years 11 cases 


50-59 years 10 cases 

60-69 years 9 cases 

70-79 years 3 cases 

SO- years 0 cases 

Age not recorded 21 cases 


These data show that 44.7 per cent of the vertebral aneurysms occur be- 
tween the ages of 40 and 60 years, 78.7 per cent between 30 and 80 years of age. 
Of the 68 cases of vertebral aneurysms reported by McDonald and Korb,® 44 had 
ruptured, while 17 were unruptured; these data were not given in 7 of the 
eases. Insufficient data are given on the aneurysms occurring in the younger 
age group to indicate their possible etiology. 

The following two cases have been observed by us and illustrate some of 
the factors to be considered in the etiolog 3 ^ of vertebral aneurysms. 

Case 1. — A. K., a colored male 49 years of age, was in eoma when brought to the 
hospital. A relative said that she was awakened at 2:30 A.il. by the patient “yelling.” He 
was unable to speak at this time. The patient’s neck was stiff, the pupils were fixed and did 
not react to light when admitted twelve hours later. The right pupil was larger than the left. 
The discs were pale, and numerous small hemorrhages were present. Kernig’s and Brudzinski’s 
signs were questionably positive. The abdominal and patellar reflexes were absent. The 
spinal fluid pressure was 240 mm. of water, and the fluid was bloodj-. The Queckenstedt test 
was normal. The spinal fluid chloride was 760 mg. per 100 c.e., and the sugar, 30 mg. per 
100 c.c. The blood pressure was 170/110, the temperature was 100.4° F., the pulse was 100, 
and the respirations were 40. Tlie Kahn reaction on the blood was negative, although the 
IVassermann reaction on the spinal fluid was positive. 

Apparently the patient could neither understand the spoken word nor speak during the 
time he remained in the hospital. His condition improved shortly after hospitalization, and 
he did recognize members of his family. He again became comatose and gradually grew 
weaker until his death on the tenth day following admission. The temperature during hos- 
pitalization varied between 99 and 104° F. 

During the past three years the patient has had “kidney trouble,” the characteristics 



KIGDON AXD A/.LEN : AXEURTRMR OP VIIGTEBRAL ARTERIES 


33 


of wlncJi nro not given. Sown months before dealli he “fell out.” There is no historv 
relative to this episode. 

JPnthoh^ic KM}ntnalion.~'OD]y the pertinent findings arc recorded. The autopay was 
done one liour following dcatli. There was considerable blood in the subarachnoid space, espe- 
cially over tlio occipital and partctal lobes. In the area of the medulla the blood was clotted 
und appeared older than tliat in the other portions of the brain, A small amount of blood 
was present in the tip of the lateral \entrklcs. In serial sections through the brain several 
small infarcts were found, ono of which was a recent lesion. The source of the subarachnoid 
hemorrhage nns an aiieurj'sai looate4l on the lateral portion of tlie right vertebral artery 
approximately 2 mm, pro.ximal to the basilar arterj* (Pig. 1), This aneurysm measures 1.5 
cm, in dinmefer and nas partially filleil with a thrombus. Thu wall was thin and .at one point 
it had ruptured. Old blood wa^ pre.«ent in the tissues around tlie pons and the medulla. 

There was oonsidernble nthorosclorosis in the left vertebral artery and in the basilar; 
however, tlicro was only a minijiml amount of .•'Clerosis in the right veitebral artery, nistologie 
section.^ from th© aneurysm.** uml the adjacent arteries were stained with hematoxylin and 
eosin and with VerhoefT-Van (Jie.son “s eh».*«tje tJP.sue. 


basilar artery 



Fjg, J diagrammatic sketch of the aneurysm Jn Case 1. 

The iatinia, tho internal elastic lamella, and the media were continuous from tiie nail of 
the rigiit vertebral artery into tho adjacent portion of the aneurysm. Tim intjma became 
thicker, the internal clastic lamella soon completely disappeared, and the media rapidly 
decreased in the wall of the aneurysm. Only a small amount of adventitia was pre^ient m the 
wall of the sac. Many mononuclear cells infiltrated the tissues about tho aneurysm. 

The intima of the right vertebral artery was thickened in the area of tlie aneurysm. 
There was some atherosclerosis in the vessel, although there was no evidence of an inflammatory 
reaction. The internal ela.stic lamella was fragmented and in some areas it was absent in the 
wall of the right vertebral artery just opposite the orifice of the aneurysm (Pig. 2). 

The wall of the basilar artery in tho area proximal to the union of the vertebral arteries 
showed many variations in the proportiim of the intima to the media and to the adventitia. 
At one point the internal elastic lamella was absent and the media was hj'pertrophied, while 
in another area the media was completely absent and the nnlJ was foriueJ primarily hr infim.n 
and only a thin layer of adventitia (Fig. 3). 
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tance of 1 em. between the points of nnion of the vertebrals and tk ciwl? oi 
Willis. Histologically there was a variation in the thielmess of the diffcientpor- 
tions of the wall, and in some areas the internal elastic lamella was coraphk 
absent (Fig. 4). There were neither macroscopic nor microscopic cliangeso!i' 
served in the remaining seven specimens. IMaeroscopic variations in tk sij?, 
position, and the relationship of the vertebrals and basilar arteries have lia 
frequently observed ; however, it seems that histologic studies have been nial.' 
upon these vessels very infrequently. 

SUMMARY 

The etiology of tlie aneurysms occurring on t he vertebral arteric,s is &■ 
cussed. It is suggested that congenital defects occurring in the wall of ths; 
arteries play a significant role in the formation of saccular anourysnis. Anej- 
rysms may develop as a result of other pi'ocesses ; however, vascular defeds nuit 
be considered even in those individuals who have either syphilis or artmV 
sclerosis. 

A total of seventy ease.s of aneurysms occurring on the vertebra! arfenh 
have been previously reported. Two additional caScs’are added to the litcratec- 
It is obvious, therefore, that ani urysms ai'C infrequent on the vertebral orterifs. 
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RESISTANCE OP TIOI MELBOURNE STRAIN 01' INFLUENZA VIRUS 
TO DESICCATION® 


Ernistine R. Parker, A.B., Wolcott B. Dunhaji, M.D., and 
IV vitD J. i\Lvc Neal, j\LD., New Vork, N. Y. 


"^IIE aijilily of disease germs to survive in a potent stale entirely apart from 
A their living animal hosts is a proiierty ipiite variable for ditfei’ont hinds of 
microhes. Some may remain virulent for .vears, while others seem to become 
innocnoiis almost at onee. The nature of the cnviwnniciiial medium, tempera- 
ture, and humidity also play important roles. The persistent iiotency of a par- 
ticular pathogenic microbe under various conditions may best be ascertained 
by actual ob.servation and experimentation. Eduard' in 1941 reported the 
recovery of potent influenza virus many hours after drying on cloth, on glazed 
surfaces, and in household dust ; in one experiment the dry virus remained 
potent for five weete, Thi.s matter would seem to be of sufficient gravit;)' to 
merit further e.xperimental investigation. 

In the present study we have suhjeeled the Melbourne .strain of influenza A 
virus to drying outside the living liost and have llion introduced this into cm- 
bryonafed egg.s to aseertam its aliility to infect. TJie Slellioiirno virus was main- 
tained by serial passage in cmbryoiiated eggs. At least once a week 0.05 c.c, of 
viril.s-infcelcd allanfoie fluid was injected into the extracnibryonic fluids of 
.seven-day emhryonated eggs. Dn the second day after inoculation, the embryo 
died and its allantoic fluid was haiTcsIcd to serve a.s the virus-infeeted fluid for 
further propagation of the virus and for the experimental tests. The titer of 
vints in this fluid was measured by preparation of decimal serial dilutions which 
were injoeted into cnibryoiiatcd eggs, and it was found to be quite variable, from 
10"' to 10 ®. In other words it was sometimes found that 0.1 c c. of a 1 to 
100,000,000 dilution (10"*) of the allantoic fluid was sufficient to caitse typical 
death of half the eggs inoculated, while occasionally this failed and only less 
dilute preparations would cause death; in rare instances as mucJi as 0.1 c.c. of a 
1 to 10 dilution of the allantoic fluid was required. At frequent intervals the 
virus was tested by intrana.sal administration to white mice in order to elieek 
against the possibility that the influenza virus had been lost and accidentally 
replaced by some other virus lethal for chick cnihryo.s. The technical procedure 
of inoculation, incubation, candling, and eventual autopsy of the eggs has been 
previously described in publications from this laboratory. Occasional tests for 
baeteriarcontaminations were made, and occasional eggs obviously dying from 
causes other than infection with the virus were c.xeliided from consideration. 


•From the Department of Bactcrloloej', New York Post-Graduate Medical School and 
Hospital. Columbia University. . .. rv,. v 
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ANEURYSMS OP THE VERTEBRAL ARTERIES; A CONSIDERATION 

OP THEIR ETIOLOGY*' 


R. H. Rigdon, B.S., M.D., and Chester Aelen, Jr., B.S., Memphis, Tenn. 


' I 'HE frequency of intracranial aneurysms is indicated by the following ob- 
serrations ; Pearnsides' found 44 eases in a group of 5,432 autopsies ; Osier- 
observed 12 in 800 autopsies; Pitt- found 19 in approximately 9,000 autopsies; 
and Conway^ found 43 cases of undoubted cerebral aneurysms among 6,325 sec- 
tions. The vessels in the intracranial cavity have more aneurysms upon them than 
any other group of arteries of corresponding size in the bodjE The thinness of 
the wall of these arteries and the absence of supporting tissue may be factors in 
the frequent development of these lesions. 

Bradford,* in discussing the frequencj’’ of aneur 3 'sm.s on the cerebral vessels, 
says: "One cannot help thinking sometimes that the incidence of aneurysms 
of the cerebral vessels must be linked to the difference in the phj^siology of the 
cerebral circulation as compared Muth such a circulation as that of the viscera. 
The cerebral arteries are engorged passivel.y whenever the tension rises in the 
sj’stemic vessels . . . they are passively distended as the result of the increased 
aortic pressure which is transmitted to them through the column of blood.” 

The distribution of aneurysms upon the different intracranial arteries is 
significant in considering the etiologj’’ of the process. McDonald and Korb® 
assembled from the literature 1,125 eases of intracranial aneurysms published be- 
tween 1761 and 1938. The largest number of aneurysms in this group occurs 
upon the cerebral arteries; the second most frequent site is upon the internal 
carotids. The smallest number of aneurysms is associated with the vertebral 
arteries. 

Arteriosclerosis according to Dial and Maurer" undoubtedlj^ plaj's the major 
role in the formation of intracranial aneurj^sms. Seven of their thirteen cases 
are considered to be associated with arteriosclerosis. The observation of Mc- 
Donald and Korb" that "in 49.5 per cent of the 572 cases in ryhich the vessels 
were described there were sclerotic arteries” maj’^ indicate the role of arterio- 
sclerosis in the formation of these aneurj'sms. Keegan and BennetU express 
the opinion, however, that arteriosclerosis is rarelj- the cause of cerebral aneu- 
rysms. Lebert,® as early as 1866, saj’^s, “Calcifying atheroma is rarely found in 
cases of cerebral aneurysm and is not an important cause of their formation.” 
Hoffman" in 1894 likewise concluded from a study of 78 eases that atheroma 
was not a common cause in the formation of aneurysms; however, atheroma and 
a heightened blood pressure were important factors in the causation of rupture. 
In a large group of cases of intracranial aneurysms Parker*" could find no evi- 
dence of arteriosclerosis anjuvhere in the bodj-. 

•From the Department of Pathology, University of Tennessee. 
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of wliicU nre not given. Seven montks before death ho “fell out.'’ TJiere is no Iiistory 
relative to this episode. * 

raiholoffic ICxarntnaiion.—Only the pertinent findmge are recorded. The autopsy rras 
done one hour folloxving death. There was considerable blood in the subaraclmojd space, espe- 
cially over tho occipital and parietal lobes. In the area of rJic medulla the bJooO rvas clotted 
and appeared older tlian that in tho other portions of the brain. A small amount of blood 
was present in the tip of the lateral \xntricles. In serial sections through the brain several 
small infarcts «ere found, one of nhich was a recent losioa. The source of the subarachnoid 
hemorrhage was an aneurysm locatod on the lateral portion of the right vertebral artery 
approximately 2 mm. proximal to the baMlar artery (Pig. 1). Tliis aneurysm nicasuroa 1.5 
cm. in diameter and was partially fiUeil with a thrombus. Tiie nail was thin and at one point 
jf had ruptured. Old blood was present m the ti<ssucs around the pons and the nieduna. 

There was considerable atherosclerosis m the left \crtebral artery and in the basilar; 
however, there was only a mmiinal amount of sclerosis in the right vertebral artery. Histologic 
sections from tho aneurysm-^ and tho adjacent artcric-i rvere stained with hematoxylin and 
eosin and with Verhoeff-Van f»it"'On’s olastie tissue. 


BASILAR ARTERY 



Fie 1. — A diagramnwHc sketch of the aneurysm In Case 1. 

Tho intima, the internal elastic lamella, and the media weie continuous from the wall of 
the right vertebral artery into tho adjacent portion of the aneurysm. The intima became 
thicker, the infernal elastic lamella soon completely di'^ppeared, and the media rapidly 
deereaeed in the wall of the aneurysm. Only a small amount of adventitia was pte‘=ent in the 
wall of tho sac. itany mononuclear cells infiltrated the tissues about the aneurysm. 

Tho intima of the right vertebral artery was thickened ia the area of the aneurysm. 
Tiiere was some atherosclerosis in the vessel, altbougb there was no evidence of an mdammatory 
reaction. The internal elastic lamella was fragmented and in some areas it was absent in the 
wall of the right vertebral arteiy just opposite the orifice of the aneurysm (Fig. 2). 

The wall of the basilar artery in the area proximal to the union of the vertebial arteries 
showed, many variations in the proportion of the intima to the media and to the adventitia. 
At one point the internal elastic lamella was absent and the media was hypertrophied, nhile 
in another area the media was completely absent and the w.all was formed primarily by intima 
and only a thin layer of adventitia (Fig. 3^. 
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Tlie prostate was slightly enlarged. The wall of the urinary bladder was hypertrophied. 
There was 'some cystitis and pyelonephritis present. 

Anatomic Diaf/nosis. — There' were multiple defects in wall of right vertebral and basilar 
arteries. Aneurysm of the right vertebral artery with perforation, subarachnoid hemorrhage, 
clotted blood in lateral ventricles, bronchopneumonia, generalized arteriosclerosis, infarcts in 
brain, old and recent, benign prostatie hypertrophy, and acute and chronic cystitis and pyelo- 
nephritis were also present. 




B. 


b'is. 2. — .4.. The internal elastic lamella is fragmented and In some areas It is absei^ 
This section is from the right vertebral arterj' opposite the orifice of the aneurysm. Arerlioeff- 
Van Gieson’s stain. XOG. B, Normai portion of the wall of the right vertebral arterj'. A'^er- 
hoett-A'an Gleson's stain. X9C, 

Case 2.* — M. B., a 42-ycar-old white male, had a sudden attack of weakness in both legs 
while driving his automobile. A severe pain located in the base of his skull accompanied the 


•This autopsj' was done in 1934 while one of us was at Duke Universitj'. I jvish to thank 
Dr. A\'. D. Forbus, Professor of Pathologj'. Duke Universitj'. for permission to use it in this 
paper. 
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onset of this weakness. The patient stated that it seemed as if his heels were coming up to 
meet the back of his head. Symptomatic relief was given for five days, during which time 
there was an inten.'-e, tljrobbmg, occipital headache. 

On ndnjission to the hospital, fire days folhmmg the on^t, tlie neck was stiff and there 
M-ns a bilateral positive Kernig. The Wood prc■^^u^e was I50/1I0. The spinal fluid was under 
an increased presmro and nas uniformly blooily. The amo<mt of blood in the spinal fluid 
decreased during the foUowiug three days. At this time he was seized with a sudden violent 
pain in tho head and neck and quickly went into shock. Fresh blood occurred in the spinal 
fluid. During’ tho following month, there were several oeca.sions in which fresh bleeding oc- 
curred into the spinal fluid. The final nftaek was cliaraeterizcd by a violent convulsion, where- 
upon the patient went into .-lioek and then died. 

The patient had a high feu>r at intervals during hospitalization. Tlicre ua-^ pershtent 
mental disturbance. The WahM'imann leavtion wan negative on both the blood and the spinal 
fluid. 



FJff. 3,— Section of tho basdai nrteiv shonine a variation In the relationship of the 
Intlnm to the media and adventitia. The Intcinal elastic lamella is absent in some areas. 
VerJioell'Van Gleson'.*? .stain. xtS. 

Pathologic Examinaiion -^The autopsy vmis done approximately eighteen hours after 
death. There was a large amount of blood about the base of the brain especially in the area 
of the pons nnd the medulla. Tlic blood was fre>U in some aieas while in others it was old. 
The source of this hemorrhage nas an aneurysm on the left vertebral artery. It measuied 
1.0 cm. in diameter and w.as located jH*«t opposite the point of union of the two vertebra! 
arteries. The aneurysm was saccular and was filled with a thrombus. At one point in the 
wall there was a frc.«h tlirombu'*; appaienfly this was the site of perforation. The vertebral 
arterj’ was dilated near its union nith the left The basilar was also dilated and was distorted 
from its normal position, The histologic sections from the ancuiysm and the adjacent blood 
vcsiels were not satmfactory for sfmiy. The e.^lensivo sclerosis made the ressels un'^uifaWe for 
sectioning. Mononuclear cells with pigment and red blood cells were present in the wall of 
tho aneurysm and in tlie surrounding tissues. This reaction apparently was secondary to the 
rupture. The arteues throughout the body showed considerable athero.sclerosis. There was 
no pathologic change in any of the ves.'-els that sugge.sted syphilis. There was a cyst in the 
loft kidney that measured 1,5 cm in diameter. 

Amlonuc Pmgnoi/is. — Gener.alized arteno'^clBrosis, aneurysm of the left vertebral .artery 
with rupture, subarachnoid hemorrhage, ob«tiuction of foramen of Luschka on right and left, 
hydrocephalus, clotted blood in all ventrirles, ryst in left kidney were pro.ecnt. 

DISCUSSION 

Tlic pathologic findings in these cases apparently are typical of those re- 
ported hy others. In Case 1 the amount of arteriosclerosis is that which one 
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may find in the cerebral vessels at the age of fifty years. The location of the 
aneuiysm is opposite the point of union of the two vertebrals, and it is not 
in the angle formed by a branch leaving the vertebral arterjL It is suggested 
that defects in the wall of the right vertebral artery at the site of the aneurysm 
similar to those in the opposite Avail of the vertebral artery and in the basilar 
artery may have been the bases for tlie development of this aneurj^sm. Since 
syphilis is such a common infection in the Negro in this section of the country, 
one has to be careful in considering its role in pathologic processes. There is 
no pathologic CAddence of sj'philis in Case 1. Since the spinal fluid contained 
lilood, one must be careful in interpreting the Wassermann reaction in this ease. 

The arteriosclerotic process is most extensive in Case 2. Such a lesion, 
however, may be found in the cerebral vmssels even at 42 years of age. The ab- 
nomal size and position of the A'ertebrals and the basilar artery as observed in 
this man occur frequently in the cases of aneurysms reported in the literature. 
ilorroAv’s ease^® is one of a fusiform aneurysm, 2.5 x 3.0 cm., located on the right 
vertebral artery. The basilar artery is dilated in Wells”® case. One of the 
tAvo cases reported by Bassae^" also has multiple aneurysms on the basilar ar- 
tery. Both A'ertebi-al arteries are the site of aneurj'sms in Ruston and South- 
land’s case.®® It may be concluded, therefore, that abnormalities of the basilar 
and A’ertebral arteries are frequent. Parker^® says “congenital weakness of the 
Avail of a cerebral artery Avith the formation of aneuiysm may be associated Avith 
congenital anomaly elsewhere in the A’aseular system.” We have not observed 
such a relationship, hoAvever, in our cases. 

The presence of arteriosclerosis in the vertebral, the basilar, and the cerebral 
arteries must be considered very carefully before concluding that it is the 
etiologj' of the saccular aneurysms that occur on these vessels. Furthermore, 
it is difficult for us to conceNe of only 70 cases of aneurysms having been re- 
ported on the vertebral arteries if an atheromatous process is a significant 
factor in their development. If sclerosis is important in the etiologj’^ of saccular 
aneurj’sms, similar lesions should occur on other vessels, such as the coronary. 
Observations on coronaiy aneurysms haA’e been made recently by one of us.®' 

Statistics shoAv that aneurj^sms on the Amrtebral arteries occur more often 
after 30 years of age. It is significant, howcAmr, in considering the etiology of 
such aneurysms to know that similar lesions have occurred in younger indi- 
A’iduals. The case reported by Dial and Maurer® occurred in a child tAvo years 
of age. It is almost identical macroseopically with the tAvo cases reported in 
this paper. This baby received a fracture of the slmll in an automobile accident 
“with apparent recovery after five days,” and tAVo days later there AA'as an on- 
set of conAuilsions, dyspnea, and cyanosis. Death occurred thirty-six days after 
tlie accident, from the rupture of an aneurysm on the right vertebral artery. 
The authors say “tlie youth of the patient, 2 yeai-s, and the fact that the micro- 
scopic appearance of the aneurj'sm suggests a malformation of the vessels are 
factors pointing to a congenital lesion. The question as to etiologj^ on a trau- 
matic or congenital basis cannot be decided absolutely.” Fearnsides' in a large 
series of intracranial aneurysms could find no relationship betAveen trauma and 
the development of the aneurysm. 

The aneurysm reported by Duguid®® in a boy 17 years of age, occurring 
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at the junction of tlie loft vertebral artery with the basilar, is important in cou- 
sklering the etiology of aneiirysnis. The intimal coat of tlie vertebral artery was 
thickened at the site of tlic aneurysm. The mtcrnal clastic lamella was split 
and the media was absent, Tlie author concluded tliat ''the ease seems to illus- 
trate a point wliicli, aItliou<ih not uncommon in aiicuiysms of the vertebral ves- 
sels, is not often noted; namely, that aneurysms may be formed by a poneliing 
of a fibroid intima thi'ough n deficient or severed media.’' 

Congenital defects m the wall of the cerebral arteries have been observed 
by Basse®’* and Emrich.®* Tliese defects were studied especially in the anterior 
cerebral arteries and gave rise to the so-called “DchiuuigsanGurysmcn.” Jlorpho- 
logic variations of a gross eliaracter ai*e extremely common in the arteries fonn- 
ing the circle of 'Willis. Minor changes in the elastic layers of the media of the 
arteries arc also common in the arteries forming the circle of Willis. Minor 
changes in the clastic layci-s of the media of the arteries are also common in the 
corehral arteries of persons wlm show no gross aneurysmal dilatations.^ 



Pie, 4.— The internal elastic lamella is split and it is absent In some portions ot the 
basHar artery. There is a macroscopic malformation in this artery, \erhoetf-\an Glesons 
stain. X96. 


Intracranial aneurysms are frequently explained on the bases of migenital 
defects; however, from a review of the litcratui*e, such defects are infi-equently 
considered as tlie etiologic agent in the formation of aneurysm on the vertebral 
arteries. Of the intracranial aneurysms collected by I'ilcDonald and Korb® 32.7 
per cent are referred to as congenital in origin; however, only three of the G8 
aneuiysms occurring on the vertebral ai'lcrics are eonsidei'ed as congenital. In 
two of these three cases, however, the authors questioned the possibility of a 
congenital basis for the aneurysms. 

After a review of the seventy cases of aneiuysms occurring on the vertebral 
arteries and the two additional cases reported in this paper, it is snggc.sted tlial 
these aneurysms more frequently have their origin in congenital defects tliat 
are present in the wall of the arteries. 

The vertebral and basilar aiteries were studied in a group of eight eases to 
deteimiue the presence or the absence of malformations and Iiistologic defects 
in the vessel walls. Six of these were from adults and two fi'om newborn infant.s. 
A malformation occurred in only one of these and that was in an adult. In this 
specimen the basilar artery was divided into two vascular channels for a dis- 



36 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


tance of 1 cm. betiveen the points of union of the vertebrals and the circle of 
Willis. Histologically there ivas a variation in the thickness of the different por- 
tions of the wall, and in some areas the internal elastic lamella was completely 
absent (Fig. 4). There were neither macroscopic nor microscopic changes ob- 
seiwed in the remainuig seven specimens. IMacroscopic variations in the size, 
position, and the relationship of the vertebrals and basilar arteries have been 
frequently observed; however, it seems that histologic studies have been made 
upon these vessels very infrequently. 

SUMMARY 

The etiology of the aneurysms occurring on the vertebral arteries is dis- 
cussed. It is suggested that congenital defects occurring in the wall of these 
arteries play a significant role in the formation of saccular aneurysms. Aneu- 
rysms may develop as a result of other processes ; however, vascular defects must 
be considered even in those individuals who have either sj’^philis or arterio- 
sclerosis. 

A total of seventy cases of aneurysms occurring on the vertebral arteries 
have been previously reported. Two additional eases are added to the literature. 
It is obvious, therefore, that aneuiysms are infrequent on the vertebral arteries. 
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RESISTANCE OP THE MEEBOURNE STRAIN OP INFLUENZA lURUS 
TO DESICCATION' 


Ernestine R. P.irkek, A.B., AVolcott B. Dunhaji, JI.D., and 
AVakd J. JIac Nn,M., M.U., New York, N. Y. 


'T’lIE !il)i!i(y of (iisoaso norms (o survive in a pofcnf state entirely apart from 
tlieir living animal liosis is a property qiiile variable for diffcient kinds of 
inierobes. Sonic may remain virulent for .veal’s, wlille others seem to become 
imioeuoiis almost at oiiec The nature of the environmental medium, tempera- 
ture, and Immidity also plai- important roles The persistent potency of a par- 
ticular iiatliogeiiic microbe iiiuler various conditions iiia.v best be ascertained 
by actual observation and exiierimentation. Edward' in 1941 reported the 
rccorcry of potent influenza vii-ns many tioms attei- drying’ on cloth, on glazed 
surfaces, and in houseliold dust , iii one experiment the dry virus remained 
potent for five weefa, Tliis matter would seem to he of sufficient gravity to 
merit further o.vperimeiital investigation. 

Ill the present study wo have sub.jeetcd the Stelhouriie strain of influenza A 
virus to drying outside tiio living liost and have tlien introduced this into em- 
biyonatcd eggs to ascertain its ability to iiifeel. The Jlelbourno virus was main- 
tained b.v serial jiassagc in cmiu’j’ouated eggs. At least once a week 0.05 e.c. of 
virus-infeetod allantoic fluid was ni.jeeted into the e.xtrnembryonie fluids of 
seven-day ombrj-onated eggs On the second day after inoculation, the embryo 
died and its allantoic fluid was liarvestcd to .serve as tlio virus-infected fluid for 
fiirtlicr propagation of the virus and for tlie c.vperimental tests. The titer of 
virus in this fluid was measured by prepamtion of decimal serial dilutions whieli 
were injected into eiiihryoiialcd eggs, and it was found to be quite variable, from 
10"' to 10”®. In Ollier words it was sometimes found tliat 0.1 c.e. of a 1 to 
100,000,000 dilution (10'*) of tiie allantoic fluid was suffieieiit to ean.se t.vpical 
deatli of lialf tlie eggs inoculated, wliilc occasionally this failed and only less 
dilute preparations would cause death; in rare instances as mncli as 0.1 c.e. of a 
1 to 10 dilution of the allantoic fluid was required. At frequent intervals the 
virus was tested by intranasal administration to wiiite mice in order to check 
against tlie possibility lliat the influenza virim iiad been lost and accidentally 
replaced by some other virus lethal for chick embryos. The technical procedure 
of inoculation, iiieubation, candling, and eventual autopsy of the eggs has been 
previously described in publications from tliis laboratory Occasional tests for 
bacterial contaminations were made, and occasional eggs obviously d.viiig from 
causes other than infection witli the virus were excluded from consideration. 


•From the Department of Bacteriologj'. New York Post-Graduate Medical School and 
Hospital, Columbia University. 
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For most of the drying tests the allantoic fluid containing the virus was 
placed in sterile test tubes 150 x 25 mm. fitted with perforated rubber stoppers 
and glass inlet and outlet tubes for passage of the dry air. The air of the room 
was passed through two glass tubes about 50 cm. in length, filled with granular 
anhydrous calcium chloride to remove moisture, and then through long glass 
tubes packed with sterile cotton into the virus tubes in series, and thence 
through a safety wash bottle to the suction pump. The virus tubes were turned 
everj^ few minutes to distribute the liquid over their surfaces and favor the 
dr^’ing. The technique was varied somewhat. As a rule the volume of allantoic 
fluid in each tube was 0.5 or 1.0 e.e., and ordinarily four short glass rods were 
included in the tube to provide greater surface. In each instance the drying 
time was recorded. A portion of each specimen was kept in the fluid state for 
subsequent comparison. Decimal dilutions were inoculated into embryonated 
eggs, two to four eggs for each dilution, and the greatest dilution causing death 
of half or more of the embiyos was taken as the index of titer. Sterile double- 
distilled water was used to resuspend the dried virus and for the dilution fluid. 
Some of the dried specimens were kept for later examination by storage of the 
original tubes in a dark closet at room tempei’ature, and these specimens were 
examined after various time intervals. 

In one seines of experiments the virus fluid was mixed with mucin. Ar- 
mour’s gastric mucin, 6 grams, was mixed with 50 c.c. of 95 per cent alcohol in 
a sterile, stoppered 250 c.c. flask and allowed to stand at 56° C. for four days. 
The excess alcohol was then decanted, the flask plugged with sterile cotton, and 
the remaining alcohol was allowed to evaporate at 56° C. The dry mucin was 
then suspended by adding sterile water in successive portions of 10 c.c., with 
continued stirring, to a total amount of 80 c.c. Tlie resulting mixture, contain- 
ing approximately 7.5 per cent mucin, w^as stored in the refilgerator. For use 
in the experiments it was further diluted ten times with water to make 0.75 per 
cent mucin, and one part of this was added to two parts of the virus fluid so 
that the final concentration of mucin in the material to be dried was approx- 
imately 0.25 per cent. The mucin itself injected into eggs was found to be 
vdthout lethal effect. 

In another series of experiments powdered tale, previously washed with acid, 
was mixed vdth the vims fluid before drying. The talc was sho'wn to be without 
lethal effect when injected into eggs in the quantities employed. 

Description of some of the indiiddual experiments maj’^ serve to illustrate 
the variations in technical procedure and the character of the results. 

Experiment of Aiujust 38, 1942 . — Undiluted allantoic virus, 1 c.c., was 
sprayed onto 10 e.e. of powdered talc vith vigorous agitation. Then, at inter- 
vals, 0.1 c.c. of tlie mixture was removed, mixed witli 1 c.c. sterile water, and 
injected into several eggs in a dose of 0.1 c.c. It will lie noted that the original 
vims fluid, which Avas found to have a titer of lO"'*, had been subjected to a dilu- 
tion of 1 in 100 in addition to the drying effect of the tale, so that 1 c.c. of this 
dilution would still have contained a possible 100 lethal doses and 0.1 c.c. only 10 
lethal doses. The test after five minutes’ exposure to the talc resulted in five 
deaths and no surAuvals; after thirty minutes and again at ninety minutes, at 
which time the talc powder appeared quite diy, inoculation resulted in death of 
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all tilt* After tlireo lioui-s the sam])lc "ave tlirco dcatiis and two survivals, 

and after ninety-six hours another sample gave one death and four survivals. In 
this experiment tlic fii-st evident loss of potency occurred after the mixture ap- 
peared dry (three hours), and activitj- was almost completely lost at the end 
of four days. 

Experiment of October 11, 1912. — TJie undiluted virus fluid alone, in 1 c.c. 
amounts, was dried by air current in each of several glass tubes, requiring 60 
to 75 minutes to dry. After various intciwals, the dry material was suspended 
in water and injected into eggs. The test at two hours resulted in death of all 
five eggs. Te.sts after twenfj* Iioui^ and after forty-eight hours allowed all the 
egg.s to survive. Tlic titer of the original virus was above 10'^. 

Experiment of Xovemher 23, 1942. — The \irus fluid, 5 c.c., was mixed with 

2.5 c.c. of 0.75 per cent watery mucin, distributed in 1 c.c. amounts in glass 
tubes, and dried by air current at room temperature in eighty to 144 minutes. 
After intervals of twenty-five, thirty, and seventy hours, five, six, seven, and eight 
days, the diy material was taken up in 0.8 c.c. of water and injected into five 
eggs in tile usual way. One egg of the five-day lot survived. AH other eggs 
died. The titration of a sample five days after drying showed a titer of 10'^. 
The titer of the original virus was 10"^. In this experiment the virus evidently 
retained its potency for the entire period of eight days. 

Experiment of December 9, 1942. — ^^’irus fluid alone in amounts of 0.5 c.c. in 
glass tubes was dried bj* air current at room temperature in thirty-five to ninety 
minutes. After various intervals the dried material was suspended in 1 c.c. 
water and injected into eggs. The tests were done at thirty horn’s, two, four, 
and seven da 5 ’s. One egg out of five used for the seven-day sample survived. 
All the otliers succumbed. Tlic oi*igiiial virus had a titer of 10-®. 

On this same day this same virus fluid, 2 e.c., was mixed witli 1 c.c. of 0.75 
per cent watciy mucin, and the mixture was distributed in amounts of 0.75 c.c. 
in glass tubes and dried by air current in from sixty-five to 105 minutes. Tiie 
tests by inoculation of eggs were done by resuspending in 1 c.c. water and in- 
jecting after tlic di*}' material had been allowed to stand for thirty hours, seven, 
nine, and twelve days. All tlic eggs died. Tlie dry material after twelve days 
was found to have a titer of 10'®. 

Experiment of Jannnnj 19, 1943. — ^^^irus fluid 0.5 c.c. was dried in each 
glass tube by air current in ninety to 160 minutes. Subsequent tests were made 
in the usual wa 3 ’ b.y adding 1 c.c. water and Injecting 0.1 c.c. of the resulting 
suspension into each of five eggs. The test at fifteen days resulted in two deaths, 
two survivals, and one discarded as iinsatisfactorj’’; at twenty-two daj's, one death 
and four survivals; at forty-five days, three deaths and two survivals. The 
original virus was found to have a titer of lO""*. 

On this same date, Januarj’ 19, the same virus fluid, 3 c.e., was mixed witii 

1.5 c.e. of 0.75 pex’ cent watery mucin, and this mixture was distributed in 0.75 
c.c. amounts in glass tubes and dried in air current at room temperature in 
seventy to ninetj’-five minutes. The dried material was tested in the usual way 
after fifteen, twenty-two, and fortj^-five days, and all the inoculated eggs died. 
Titration of the specimen at fifteen days sliowed a titer of 10'®, and again at 
twenty-two daj'S a titer of 10'®. At forty-five daj’s titration was again carried 



40 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


out, Init only tlie eggs inoculated with the undiluted first suspension died. The 
titer of the original, undried virus-mucin mixture, 3 parts, plus water 1 part 
was found to be lO'"*. In this experiment the mucin seemed to afford definite 
protection to the virus when subjected to drying, so that it remained potent for 
45 days even though the original titer, 10"^, was not particularlj^ high. 

Table I 


SuiiMARY or More Significant Features of the E.xperiments 


EXPERI- 

MENT 

NO. 

DATE 

ORIGINAL 

TITER 

DRIED 'WITH 

APTIVE VIRUS PRESENT 

1 

Aug. 

22 

10-3 

Talc powder 

None found at 30 minutes 

2 

Aug. 

28 

10-4 

Talc powder 

-I at 3 liours; 0 at 96 hours 

?, 

Sept. 

11 

10-1 

Mucin in. air 

None found at 17i/-> liours 

4 

Sept. 

18 

10-4 

Mucin in air 

at 3 hours ; 0 at 15 hours 

5 

Sept. 

24 

10-4 

Air current 

None found at 3 hours 

0 

Oct. 

2 

10-3 

Air current 

at 2, 24 hours; 0 at 72 hours 

7 

Oct. 

14 

10-4 

Air current 

+ at 2 hours; 0 at 20 hours 

8 

Oct. 

22 

10-3 

Air current 

0 at 2 hours 

9 

Oct. 

30 

lO-i 

Air current 

•p at 2, 4, and 21 hours 

10 

Nov. 

0 

10-0 

Air current 

-t at 4, 6, 24, and 26 hours 

11 

Nov. 

17 

lo-o 

Air current 

-4 at 48, 54, and 80 hours 

12 

Nov. 

25 

lo-i 

ilucin in air 

4- at 5, 6, 7, and 8 days* 

1.1 

Dec. 

1 

lo-i 

Air current 

•4 at 51, 74, and 96 hours 

14 

Dec. 

9 

10-8 

Air current 

■4 at 2, 4, and 7 days 

15 

Deo. 

19 

10-8 

Mucin in air 

+ at 7, 9, and 12 dayst 

10 

Dec. 

22 

10-0 

Air current 

■4 at 11 and 15 days; 0 at 22 days 

17 

Dec. 

29 

10-0 

Air current 

•4 at 8 days ; 0 at 22 days 

IS 

Dec. 

29 

10-0 

Talc in air 

•4 at 4 days; 0 at 22 days 

19 

Jan. 

5 

10-5 

Air current 

•4 at 1 and 15 days; 0 at 22 dayst 

20 

Jan. 

5 

10-5 

Mucin in air 

■4 at 15, 22, and 29 days; 0 at 50 days 

21 

Jan. 

12 

10-4 

Air jet 

0 at 15 days 

22 

•Tan. 

19 

10-4 

Air current 

0 at 15 days 

2?t 

Jan. 

19 

10-4 

Mucin in air 

-4 at 15, 22, and 45 days§ 

24 

Jan. 

26 

10-3 

Air -current 

0 at 22 and 38 days 

25 

Feb. 

10 

10-4 

Air current 

4 at once; 0 at 16 days 

20 

Feb. 

10 

10-211 

Air current 

0 at 7 days 

27 

Feb. 

17 

10-4f 

Air current 

0 at 9 and at 15 days ' 

28 

Feb. 

24 

10-3 

Air current 

■4 at once; 0 at 16 and £9 days 

29 

Mar. 

O 

O 

10-4 

Mucin in air 

+ at once; 0 at 19 and 23 days 

iJU 

Mar. 

18 

10-4 

Air current 

■4 at once; 0 at 8 days 

11 

Mar. 

31 

10-2 

Air current 

-4 at once and 24 hours; + at 3 days 


•Drj’ material tested at 5 days gave a titer of >10'*. 
tDO’ material tested at 12 days gave a titer of 10-’. 
tOriginal virus caused typical pneumonia in four mice. 

§Drj' material tested at 15 days gave a titer of 10*’ and at 22 days a titer of 10-'. 
llTliis virus on February 10 was subjected to preliminarj’ dilution 1 :100. 

ilThis virus on February 17 was subjected to preliminary dilution 1:10. 

Manj* more experiments of a similar kind were performed. Some few of 
them miscarried because of too low potency of the original virus fluid or because 
of bacterial contamination, and some resulted only in duplication. The 31 sig- 
nificant experiments are listed in summarj’- form in Table I, so that the gen- 
eral results may be seen on a single page. The data indicate a considerable 

range of variation. In some experiments the virus after drying was no longer 
able to cause death of the embryonated eggs, and in other experiments it was pos- 
sible to demonstrate lethal virus in the diy material after rather long periods. 
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Each experiment was carried out without advance information in regard to tlie 
tiler of llie virus being used. In this respect there was a range from lO-i to 10"'. 
Prom October 30, 1941, to Januarj' 5, 1942, tliis viras maintained a rather liigh 
titer, and tlic drying tests made during this period revealed the presence of po- 
tent virus, for a time at least, in the dry material of every experiment. 

DISCUSSION OF EXPERranNTAL RESULTS 

Apparently admixture of powdered tale did not favor pre.servation of the 
active viius. In E.xperiment 1 vims could not he recovered after a half hour; 
in Experiment 2 it was still active at thiee hours but not at ninety-six hours, 
and in Experiment IS it was still active at tour days but not at twenty-two days. 
It is evident that vims of original high titer remained demonstrably active for 
a longer period. Admixture with powdei-ed talc provides conditions resembling 
to some extent those pre.scnt when moist particles from the mouth or nose may 
fall upon dry dust of tlie air, floor coverings, or furniture. In such circum- 
stances highly potent virus would .seem likely to remain active for four daj's. 

Di-j-ing of the allantoic virus on clean glass gave results only slightly dif- 
ferent from those obtained witli the powdered talc. In some instances the ac- 
tivity of the virus persisted for considerable periods: in E.xperiment 11 for 
eiglity hours ; in Experiment 13 for ninety-six hours ; in Experiment 14 for seven 
days; in Experiment 17 for eight days, in Experiment 16 for fifteen days. In 
other instances the activity was no longer evident after brief periods: In E.xperi- 
ment 8 at tiro hoiir.s, and in Experiment 5 at three hours. Again the signifi- 
cance of an original higli filer, 10'° to 10"', was evident, and this seemed to make 
it possible for the vims to retain its activit.v when dried in an air current even 
after several (at least fifteen) days. The experimental conditions here resemble 
those provided when rirus cx-pellcd from the body comes to rest on a clean glazed 
surface e.xposed to moving air, and also to some extent the conditions under 
which suspended particles dry while suspended in the atmosphere. Tims of 
high titer may be expected to retain potency longer. 

Drying tlie allantoic virus after admixture of mucin resulted in a rather 
di.stuibing revelation of the pei-sisleiice of viras activit.v in such material. In 
particular a viras of high potency tended to retain its activity. In Experiment 
12 it was still lethal to eggs after eight days, and at five days the titer was 
found to be 10"' as compared with an original titer of lO'b In E.xperiment 15 
even after twelve days the titer was found to be 10"' as compared with an origi- 
nal titer of 10"'. In E.xperiment 20 the lethal potency for eggs was still present 
at the end of twenty-nine days in the dry state and in E.xperiment 23 after 
forty-five days. The conditions in these experiments mimic those which natu- 
rally exist when lai-ger particles of mucus impregnated with virus of high po- 
tency are deposited on glazed surfaces, and conditions are probablj- not signifi- 
cantly different when such mucus is deposited on fabrics such as gauze mask or 
kerchief. Evidently in the presence of virus of high titer, which wo may as- 
sume to exist during a severe pandemic, it will be unwi.se to neglect the menace 
of possibly infected dust deposits in rooms and dust from dried mucus on fabrics 
or utensils. Even in the face of the less malignant and more common epidemic 
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influenza, the possible danger of transmission per fomitea may well receive 
attention. 


CONCLUSIONS 

1. Experimental te.sts of the effect of ordinary desiccation by drying in 
an air current indicate tliat the Melbourne strain of Influenza Virus A of low 
potcncij is inactive a short time after drying, or at least impaired to such a de- 
gree that the virus no longer brings about death of embryonated eggs inoculated 
by a standard technique. 

2. When, however, the original virus is of liiph potency, such as may bo 
assumed in pandemic disease, then this is no longer true. Such virus remains 
lethal to eggs for many days after drying in air. 

3. Highly potent vims mixed witli mucus and dried in the air may retain 
its lethal potency for embryonated eggs, for as long as forty-five days. 

4. The transmission of epidemic and pandemic influenza througii the agency 
of dust and dry fomites is a distinct po.ssibi!ity, not to be ignored in the practical 
control of these diseases. 

REl'EKENCE 
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THE APPARENT ADVANTAGE OP FREQUENTLY ADMINISTERED 
QUININE IN AVIAN MALARIA INFECTIONS' 


II \Kuv Bkckma?;, JI.D., and #Iaxk Smith, ^LT. 

JIiiAVAUKcn, AVis. 

TN A RATHER oIonc study of tlie liti'i'tittii'o of clinical and cxpccimentai 
A inaljiria over many years the senior author has never oneonntcred the record of 
an attempt to effect early arrest of the disease by the application of continuous 
specific therapy from the moment of diagnosis. In 1940, Most and Jolliffe’ re- 
ported the gitniift of 10 grains (0.6 Gin.) of quinine dihydrochloride intra- 
venously in 10 c.e. of ph.vsiologic saline solution every three to four hours for 
tu'ent 3 *-four hours in the pre.senee of cerebral involvement in patient.s infected 
with Plasmodium falciparum; hut this is intensive rather than continuous 
therapy and Is not likely to win general approval in view of the feeling that 
such therapy may precipitate btackivater fever. In 1932, St, John' gave 10 
grains (0.6 Gm.) of quinine sulfate cveiy four hours for four or five days to 
eight patients and found that liigh concentrations of quinine could be maintained 
in the blood by this mctliod, but the effects upon the parasitological and clinical 
course of the dlsea.se could not well be studied by him since his patients were 
onlj’ alllicfcd with the quickly responding induced malaria. The Fourth General 
Report of the Malaria Commission of the League of Nations Health Organiza- 
tion® discusse.s the c.vperimental treatment and prophylaxis of malaria in 12,288 
subjects, but deals ivith drugs only in terms of total daily dosages. Of course, 
the almost universal custom throughout the world is to give the first dose of 
either quinine or atabrinc as soon as the diagnosis is made and thereafter to 
give one-third the total daily do.sago after each of the three meals; this is the 
method practically routinely employed in the Allied armed forces. Strong, in 
his new authoritative sixth edition of Stitt’s "Tropical Diseases,”* advocates the 
employment of three daily do.sc.s, but he goes a bit further and says that “in cer- 
tain very severe infections it may be advi.sabic to give oven four doses . . . during 
the first twentj'-four hours of the attack.” Manson-Bahr,® the editor of the 
British counterpart of Stitt’s classical American work, in 1940 stated his feeling 
that there appears to be an adv.nntagc in breaking up the daily dosage into six 
portions, but in more recent pub]ication.s he has said nothing about a dosage of 
this sort. In view, therefore, of the lack of evidence that frequent, to say nothing 
of continuous, therapy with quinine had ever been given a trial in acute malaria 
infections in the human being we have sought to investigate the possible ad- 
vantages of such a method of treatment by putting the matter to experimental 
trial in avian infections in the laboratory. Two facts seemed further to make 
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this investigation worth while; first, that quinine is j’apidly destroyed and 
excreted hy tlie body; and, second, that in bacillary infections the frequent 
administration of sulfonamides is a sine qua non of success. 

METHOD 

In all the malaria work in our laboratory in recent years we have used the 
female canary as ho.st animal and infected her hy the direct bite of Cnhx pipiens 
mosquitoes carrying the very virulent strain of Plasmodium calhcmcrinm 3112^’ 
developed by us through about six years of uninterrupted canary-mosquito- 
canary passage. In the beginning of the present study our aim was to set up 
three groups of infected Irirds, one to be used as untreated controls, one to be 
given one-third the total quinine dosage in three equal portions through twelve 
hours of each day, and one to be given the same total daily dosage but adminis- 
tered through continuous drij) during the twelve horn's. However, we failed 
utterly in attempts to devise a satisfactory method of continuous administration 
to the canary. The intravenous I'oute was of course out of the question and even 
the intraperitoneal or intragastrie drip rvas made impossible by the size and the 
sqrrirming and fiultcring propensities of the bird. In the end we had to give up 
the hope of effecting twelve hours of continuous administration and resort to 12 
doses during twenty-four hours in the one group, 3 doses in twelve hours in the 
other group, and no treatment at all in the control group. This gave us a com- 
parison of three times daily dosage and very frequent (i.c., every two horn's) 
dosage, but it did not enable us precisely to study the effect of "continuous” 
administration as originally contemplated. 

Thirty-six birds were bitten for the .study, but only the 30 in M'hosc blood 
we found plasmodia late on the night of the fourth day were used. On the morn- 
ing of the fifth day (lilonday) these 30 infected birds were divided into 3 lots of 
10 each and smears of the pcriiihcral blood were made, beginning the smearing 
at 7:30; smears were thereafter made daily at this time through Friday. The 
dosing proceeded as follows; drug: quinine bisulfatc in aqueous solution pre- 
pared freshly each day; dosage; the total dosage administered to both treated 
groups in each twentj'-four hours was 3 mg., the group receiving the 3 large 
daily doses being given 1 mg. in 0.1 c.c. of water at S a.jl, 2 p.m., and 8 p.m., and 
the group receiving the 12 small doses being given 0.25 mg. in 0.05 c.c. of water 
at S A.M., 10 a.m'., 12 N., 2 P.M., 4 p.m., 6 p.m., 8 p.m., 10 p.m., 12 m., 2 a.m., 4 a.m., 
6 A.M., etc. (the controls were given 0.05 c.c. of water at these same two-hour 
intervals) ; route of administration: oral, dribbling the solution into the mouth 
through a blunted 27 gauge needle; length of treatment: the fii'st four days of 
the infections, Monday through Thursday, inclusive. Thus there M'ere 10 birds 
dosed three times daity for four days, 10 birds given suitably reduced doses every 
two houre round the clock continuously for four days, and 10 birds held as un- 
treated controls. 

The relative effectiveness of the two types of treatment was detei'mined by 
(1) the respective heights of the daily plasmodial counts in all groups, employing 
the counting technique which we have recently described ;' and (2) the relative 
retardations of the rates of development of the plasmodia, employing the same 



BECKMAN AND SMITH: QUININE IN AVXvN 3\IALABrA INFECTIONS 45 

eriiei'ia of retardation as iiavo been previously used in this laboratory.® The 
findings arc presented in Chart I and Table 1. 

ANALYSIS OP FINDIKO.S 

Upon studying Chart I it is seen that in tlic control group, 1 bird reached 
crisis (i.e., the mnneneal peak in the daily plasmodial counts) on the third day, 
and 9 reached crisis or a near plateau on the fourth day. In the group dosed 
S times dnihj, 3 birds reached crisis on the third day. 5 readied crisis or cT near 
plateau on tlie fourth day, and 2 continued to ri.se sharply after the fourth day. 
In the group dosed cvenj two hours, 4 birds reached crisis or a near plateau 
on the second day, and all the birds had reached or passed crisis by the third 
day. To recapitulate: in tlie contml group, 9 of the 10 birds did not reacli 
crisis or plateau until the fourth day; in the group dosed 3 times daily, 8 of the 
birds I'cachcd this point on the third or fonrtli day; and in tlie group dosed every 
two haul’s, all birds liad readied tliis point on the second or third day. The 
plotted average course of the infections in the three groups reveals several points 
very sharply : (a) Upon the third day, the count was about the same in the two 
treated groups, but this count marked the peak of tlie rise in the gwup dosed 
everj’ two houi'S, whereas tlie peak was not I'cachcd until one day later (and then 
at a considerably higher level) in the other gi'oupj (1)) upon the fourth day, the 
count in the group dosed every two hours was only 55 per cent os high as in the 
other group; (c) upon the fifth day, the count in tlio group dosed everj’ two 
hours was only 33 per cent as high as in the other gi’oup, and it is further notable 
that the eouiit in the latter group tvas still considerably higher than it had been 
even at the peak in the more frequently dosed group. 


Table I 

Pep.cestace.s or Tnopjio:{om:s or Sizes IxcneAsiN’o Frost A to D 
(As-ERAnES Fon All Member.s op Eaiu Grot n ox the “Peak’^ Pav) 


BIRO GROUP 

1 A 

1 . ' 

c 

a 

'SMALL (A + B) 

L.AROB (C + D) 

Controls 

HBQIQH 


38.9 

21,2 


CO.l 

3 dosc.s i 

r,p„7 i 

43.3 I 

15.1 

S9 

t 7C.0 

24.0 

12 doses i 

8S.0 

30.9 i 

0.3 

O.S 

1 93.9 

1.1 


For an undei-standing of Tabic I it is necessary to locall that among the 
morphologic evidences of specific dicmotherapeutie efTect upon the malarial 
plasmodium perhaps most marked is the I'Ctaixlation of its rate of growth. In 
terms of tlie present study this effect is recoidcd in Table I, compiled from data 
obtained as follows: Each smear which i-cprcscated tlie peak day of its respec- 
tive infection was re-examined and the j-clative sizes of the organisms in 100 
singly infected crytlivocytes were noted; tlie numbers of oz'ganisin.s of sizes A, 
B, G, and D were tlien separately added for each of the three groups of birds, 
averages were determined, and these averages were recorded in terms of per- 
centages of the respective sizes to form the basis for Table I. The data seem 
clearly to indicate that frequent proportionate!}* i*cduced quinine dosage is able 
to effect a greater retardation in trophozoite development tlian throe times daily 
dosage, since with the more frequent dosage only 1.1 per cent of the organisms 
had attained a large size at smearing time while 24.0 per cent had done so in the 
less frequently dosed group 
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Chart I. 






CLINICAL CHEMISTRY 


A STUDY OP THE EFFECTS OP VITAJLTN D ON GAPILLAKY 


PERMEABILITY BY THE USE OF THE DYE T-1S24<» 


A. Silver, M.S., Irving E. Steck, and C. I. Reed, Pii.D., Chicago, III. 


T he influence of ealeion.s in dccmisiii'i: mcinbnine permeability has been rec- 
ognized for a long time. Some observations on the reduction of edema in 
arthritic joints suggested the possibility of a causal relation.ship between tliis 
reaction and the caleium-molhlizing action of ma.ssive doses of vitamin D. It is 
the purpose of this paper to make a progress report on tlie results of some 
experiments on dogs designed to investigate this ])o.s.sibility. 

The method used for determining elianges in capillary permeability was the 
disappearance rate of the dye T-lf!24 from the blood stream. This method has 
been suggested as applicable in shock by Price and Longmire.' Tislowltz- re- 
ported on the use of the ‘‘endurance-time” of Congo red in the blood stream as 
an indicator of caiiillary permeability. 

AIETHOD 

Throughout this ivork, adult male dogs of 14 to 20 kilograms body weight 
were used. In determining the disappearance rate of the dye from the blood 
stream, the technique was similar to that used in routine plasma volume deter- 
minations, except that in most eases only two dyed blood samples (10 c.e. each) 
were withdrawn at fifteen and sixty minutes respectively after the dye injection. 

Hemolysis was minimized by using oiled syringes and tubes and by cen- 
trifuging samples before clotting occurred. Later, the serum was expressed 
from the clotted plasma by pressure. The concentration of dye in the serum 
samples was determined by a photelometcr as I’ecommended by Gibson and 
Evelyn.^ The per cent disappearance rate in a standard interval was calculated 
as the percentage difference in concentration of dye between the first and second 
samples. Plasma volumes were calculated to the nearest 10 c.c. from the con- 
centration of dye in the 15-minute sample. 

Eleven trained dogs were used for the chronic work, each animal serving 
as its own control. After suitable rest periods, five of these were subjected to 
one or more repetitions of the general procedure. Additional dogs were used for 
the acute lymph experiments. 

Vitamin D was administered orally in capsules, each of 50,000 international 
iinits of antirachitic potency. 

♦From the Department of Physiology, University of Illinois. 
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, DISCUSSION 

Failing in onr attempt to devise a satisfactory method of eontiiiuously ad- 
ministering quinine to canaries we were obliged to fall back upon very frequent 
dosing, but even this compromise arrangement yielded a startlingly affirmative 
answer to the question we had asked oui*seh'cs; namely, may a given total dose 
of quinine, administered during a fixed period of time, be more effectively em- 
ployed by continuous infusion than in the traditional tlirce times daily manner^ 
Specifically, iu our “conttuviously” tiTatcd birds the plasmodial counts were 
lower, the break in the upward trend of the counts came on tlie second instead 
of on the third day, t)ie crisis came on the third instead of on the fourth day, 
the peak at crisis was lower, the counts at the end of the period of obseiwation 
were only slightly higher than they were at the beginning, whereas in the tradi- 
tionally treated group tJiey were still higher than they had been even at the peak 
in tlic continuously treated group; furthermore, the continuous type of treat- 
ment effected an appz'oximatcly 20 times greater retardation iu trophozoite de- 
velopment than did tiie traditional type of treatment. Our strain of avian 
malaria being notoriously resistant to drugs, we believe these findings would 
amply justify comparable studie.s in the human being. The senior author there- 
fore suggests that the following therapeutic trials might be worth making where 
large numbew of liospitalized malaria patients arc being seen: (a) continuous 
venoclysis with physiologic saline solution so fortified with a quinine salt that the 
patient shall obtain 30 grains (2.0 Gm.) of the drug in each 24-hour period; (b) 
the same as tiie preceding but with a reduced amount of quinine; (c) the venoc- 
lysis maintained for only twelve houi-s of each day with the quinine content 
doubled; (d) any of the above phis a small do.se of quinine by mouth or intra- 
nuiscuiarly at the beginning; (e) the same as any of the above except that the 
saline-quinine solution bo adtuiuistered by intragastric drip as in the aluminum 
hydroxide treatment of peptic ulcer.® 

CONCLUSIONS 

In canaries infected with a very virulent strain of malarial plasmodium, the 
"continuous” is markedly superior to tlie “traditional” Ijiie of quinine therapy. 
Trial of .such “continuous” therapy in man seems indicated. 
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CLINICAL CHEMISTRY 


A STUDY OP THE EFFECTS OP VITA:\IIN D ON CAP’ 
PEEME ABILITY BY THE USE OF THE DYE T-^ 


A. Silver, IM.S., Ikvixg E. Stkck, iI.D.,t and C. I. Rkku, ^ 


T he influence of ealeions in decreasin'j: inei 
osiiized foi' a lon^ time. Some ob.servatii 
arthritic joints su;j;<;ested the pos.sil)ility of a 
reaction and the ealeium-mohilizinfr action of 
the purpose of this paper to make a prof'rc 
experiments on dogs designed to investigate tiii: 

The method used for determining change.*- 
disappearance rate of the dye T-1S24 from 1? 
been suggested as applicable in .shock by Pi 
ported on the use of the ‘‘endurance-time” < 
an indicator of capillary permeability. 

METHOD 

Throughout this work, adult male dogs < 
were used. In determining the disappearam 
stream, the technique was similar to llmt use< 
miuations, except that in most ea.ses only two 
were withdrawn at fifteen and sixty minutes r 
Hemolysis was minimized by using oilet 
trifuging samples before clotting occurred, 
from the clotted plasma by pressure. The e 
samples was determined by a photelometer 
Evelyn.^ The per cent disappearance rate in 
as the percentage difference in concentration c 
samples. Plasma volumes were calculated to 
ceiitration of dye in the 15-minute sample. 

Eleven trained dogs were used for the c 
as its own control. After suitable rest perioi 
one or more repetitions of the general procedu 
the acute lymph experiments. 

Vitamin D was administered orally in cai 
units of antirachitic potency. 

•From the Department of Pliysiology, University 
Supported in part by' grants from the Graduate ; 
of Illinois and from the Nutrition Research Laboratoi 
Received for publication June 21, 1943. 
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luiluites’ Until iji I'Yaluiitinj* thv vtteH of Aitaniin 1) on dye loss, l)eeanse after 
GO luiuutes, iu most eases, the dye level cleiieudeU on lymph vetnvn of dyed 
fluid to ii far jireater extent than at 40 minutes, the latter thus giving' a truer 
picture of rate of dye loss. After the admiuUtratiou of vitamin D, the per- 
centage of dye lost in 40 minutes was siguifieautly less than the values before 
vitamin D, in the ease of both animals. 

III. Relation Between .^IppcarwHcr of T'1S21 i« the Lymph and Losn From 
the Blood Stream . — Tlie purpose of these experiments was to find whether dye 
injected intravenously cMuiId be reeovei-od in the lymph in amounts bearing 
any constant relationship to the amounts disappearing from the blood stream. 
Ferrebec, Leigh, and Berliner^ reported on the same procedure, but gave quan- 
titative data ill only one ease. 



Eight dogs wore anesthetized with sodium barbital (0.25 Gm./kg.), and 
their thoracic or cervical lymph duets were exposed and camuilated. Lymph 
was collected during a control period, and at two (at least) 15-miuiite periods 
after the intravenous injection of T-1S24, the average time of lymph collec- 
tion for these samples was 15 and 60 minutes after dye injection. Routine 
blood samples were taken .simultaneously. 

In three of tlie experiments (illustrated by Fig, 3) 0.5 mg./lcg. of liistamine 
was injected at approximately the twentieth minute after dye injection, and 
tlie blood and lymph specimens were collected as above. 

Fig. 4 shows tliat a linear relationship exists between the change in dye 
concentration in the blood between the lifteentli and sixtieth minutes after 
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voluiue. Vitamin D in lar^e amounts may be one of the latter agents which 
“contract” the liver. This action would explain the decreased dye disappear- 
ance rates, the increased total blood volume, and the antagonism of the his- 
tamine effect. 

Sb’MAIAKY 

1. \ method has licen presented for detecting changes in capillary per- 
meability by the determination of the disappearanee rate of 'r-1824 from the 
blood stream. 

2. The disappearance rate of the dye after histamine injection was found 
to be increased greatly over normal disappearanee rales. 

3. The increasing coneentration of the dye in the lymph after intravenous 
injection was found to be directly proportional to the decreasing concentration 
in the blood stream in both normal and histamine-treated dogs. 

4. After a latent period of five to eight days following a large dose of 
vitamin D. these significant changes were found; (a) increased total ])lasnia 
volume, (b) increased volume per cent of red cells, (c) decrease in dye dis- 
appearance rate in normal dogs, (d) decrease in dye disappearanee rate in 
dogs given histamine, and (e) loss of weight which persisted for several weeks. 

5. Possible mechanisms of the changes in paragraph 4 are .suggested. 
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EXTREJIE RESISTANCE TO INSULIN STUPOR IN A 
SCHIZOPHRENIC PATIENT** 


T. D. Rivebs, Jl.D., AND K. A. C. Eluott, Ph.D., Philadelphia, Pa. 


T he varialiility in tlie resiionso of different siibjecf.s to similar dosas of in- 
sulin is obseiTed b.v all who have experience in the shock treatment of 
psychotic patients or in the treatment of diabetes. Similarly the effects of low 
levels of blood sugar are known to vary widely in different .subjects. Petersen 
and Lutz' report the ease of a patient who failed to go into stupor despite the 
fact that the blood sugar fell to 15 mg. per 100 e.c. on a dose of 360 units of 
insulin administered intravenously. IVe wish to report observations on a 
patient who shows extreme re.sistanee to insulin stujioi'. 

The routine procedure developed by one of us (T. D. R.) for the insulin shock 
treatment of p.sychotie patients is as follows. For a preliminary period of one 
week, patients receive daily intraimiseular injections of 5 units of insulin in 
order to desensitize those who might .show sensitivity to insulin. Then the 
patient receives, before breakfast, daily do.ses of in.snlin which start at 50' units 
and are increased, usually bi- 20 units at a time, until stupor is produced. 

The subject of thi.s report, a hebeplirenie sehizophrcnic male, 23 .years oldj 
had his dosage of insulin increased up to 1,200 units intramuscularly, the later 
increments in dosage being 100 units at a time. This failed lo prodtieu .stupor, . 
and insulin was then administered intravenously starting with 20 units, and 
increasing the daily dose by fairl,v large increments up to 2,500 units. Deep 
stupor was never produced. After the highest dose, some tu'itching oectlrrcd, 
but the patient could still drink glucose solution offered at the end of the treat- 
ment period. Finally, the patient was given 120 units of protamine zinc insulin 
intramuscularly at 8 p.m. and then received 500 units of ordinary insulin in- 
travenously at 8 A..«. the next morning. This time,- light stupor for about fifteen 
minutes was produced two and a Jialf lioiirs after the intravenous injection, but 
a convulsion occurred which awakened the patient. (Brief muscular activity, 
suoli as a convulsion, is known lo cause a rise in blood sugar. See, e.g.., 
Elliott et al.^) 

Venous blood sugar levels were determined immediately before and at in- 
tervals after the administration of insulin, by the method of Benedict as 
modified by Elliott et al- Results are shown in Table I. It ivill be seen that, 
even with relatively small doses of insulin, the blood sugar fell rapidly, follow- 
ing a course very similar to that observed with ordinary patients who go into 
deep stupor. Actually, increasing the intramuseular dose from 400 U. (the 
lowest at whieii blood sugar deteiminatioiis were made) to 1,200 U., or the in- 

•From tlie Institute of the Fennsylvanla Hospital- 
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dye iiijeelion and the simultaneous change in concentration of dye in the 
lymph. Each point represents one experiment. 

DI.SCU.SSIO.V OK .MKTIIOn 


In our ojiinion, based on tlic lymph studies anil dye disappearanee rates 
after histamine, tire ])er cent disappearance rate of tlie dye lor the hour period 
after injection is a direct indication of the rate of tluid circulation between 
the blood and lymph. Normally a certain amount of plasma, with plasma 
liroteins, passes per unit time through cajiillaries to the tissues and then into 
the lymphatics. At the .same time a similar volume of lymph is returning to 
the blood si ream. 'Hie dye '1'- 182-1, allaeiied to plasma albumins,*^ is incor- 
porated in this ciiTuil (later removed by phagoeytosis), and since normally 
Very small amounts of the dye ntnrii to the blood via the lymph in one hour, 
the per cem disajipi aram-e rate of dye from the blood stream is a fair index 
of the b!ood-lym]'li c'ncnlalion rate, provided the hematoerit values remain 
constant thronuliout one hour and provided there is no dra.stic alteration in 
blood volnme '.UNolving shifts of whole blood. 


FiiJ. 3. 

3ingic Hisr.MTiinc - Lj/rnph Expciamcnt on 
Anc.- t her iced Doo ,Sliov/in<j .Siinultaitcoua 
Dye Coneciucarion Chonijea in Blood and Lymph 



ScruinUye corn;.()iwa»ufcd) 



'h Jf- 

^-.- 

peruin dye Cone. 

(corrected) ^ 

“"Xymph dye cone. 
/ Thoracic <iucV 


20% Deercoie 
28% DeertAje 


Hemotocrit- 


so 


oo 


"b -f 30 -to 

T . Histamine 'Minucea 

Injection Injection 

Conditions of generalized decreased capillary permeability should be de- 
tecte accurately iiy this method, but conditions of increased permeability 
or may not be detected. In the latter regard positive results are to be trusted, 
ju negative results are not necessarily indicative of normal conditions. 


DISUUSSIOX OK RESULTS 


The fact that si< 


. , ...guifieuut changes iu blood volume and disappearance M 

ot dye were found together with loss iu weight brings up the question of tM 
possible direct role of anorexia and weight loss in the causation of these othei 
pllGHOllXGHtl. 


Prolonged loss of weight is accompanied by decreased total blood volume 
and hematocrit, according to Rowntree and Broivn.^ Sudden weight reduct.o 
(in 0 lese subjects) is unaeeompanied by any consistent changes in total bloo 
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volume.® Furthermore, acidosis and dehydration specifically cause decreased 
total blood volume. In 1937 Tisiowitz and Kurou'ski^' reported that large 
doses of vitamin D jiroduced an increase in the plasma volume of circulating 
blood together with a decreased red cell volume. Data on one experiment 
only were given and no mention wa.s made of weight changes. Boses of vitamin 
D administered were al)out of the amount ased in this work. 

Tliere are two main })o.s.sif)iIilio.s to account for the inercased blood volume 
and decreased rate of dye loss found both in normal dogs and in histamine- 
treated dogs after vitamin D administration. They are (a) decreased cax)il- 
lary pennoahility and (b) action on the liver. Decreased capillary permeability 
to water and water-soluble substances could theoretically be effected by: 

1. An increased amount of lipoid in cndotlielial cell membranes brought 
about by a high blood concentration of lipoid (plus dispersing agent). (The 
preparation of vitamin D irsed in this work contains a good deal of sterol, and 
the blood itself normally contains substances which can disperse lipoids, so 
tliat this mechanism for effecting a decrease in capillary permeability was 
present in our experiments.) 

4. 


tejulcA of 6 Acute Experiments 3howim} 
ron.5fer of Introvcnously Injected Dye 
From Blood to Lymph (in first hourv 



Increooc of Pyc Cone, in Lymph in 1 hr. 

(n^m 

2. lncrea.sed concentration of calcium ions can cause decreased peiane- 
ability of cellular membranes,’®*’® and a high blood calcium, at least, frequently 
follows high dosing with vitamin D.’’ Decreased capillary permeability would 
result in an increased retention of plasma proteins and therefore of fluid in 
the circulating blood. The dye particles, attaeJied to plasma proteins, would 
also escape less easily, giving rise to a decreased dye disappeaz’anee rate. 

There is also the possibility that the effects arc due to changes in the cir- 
culation througli the liver As was noted by ifautner and Pick,^® and later 
by Bauer et histamine and other so-called “shock poisons’’ cause con- 
striction of the hepatic veins near the entrance into the vena cava, resulting 
in swelling of the liver and great outpouring of liver Ijinioh. Other agents 
have been found to act oppositely; i.e., cause partial constriction of both 
liepatic artery and portal vein, resulting in an increased total circulating blood 
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volume. Vitamin D in lai'y,e amounts may be one of the latter agents which 
“contract” the liver. This action would explain the decreased dye disappear- 
ance rates, the increased total blood volume, and the antagonism of the his- 
tamine effect. 

SUMMARY 

1. A method has lieen presented for detecting changes in capillary per- 
meability by the determination of the disappearance rate of T-1824 from the 
blood stream. 

2. The disappearance rate of the dye after histamine in.'jection was found 
to be increased greatly over normal disappearance rates. 

3. The increasing concentration of the dye in the lymph after intravenous 
injection was found to be directly proportional to the decreasing concentration 
in the blood stream in both normal and histamine-treated dogs. 

4.. After a latent period of five to eight days following a large dose of 
vitamin D, these significant changes were found; (a) increased total plasma 
volume, (b) increased volume per cent of red cells, (e) decrease in dye dis- 
appearance rate in normal dogs, (d) decrease in dye disappearance rate in 
dogs given histamine, and (el loss of weight which persisted for several weeks. 

5. Possible mechanisms of the changes in paragraph 4 are suggested. 
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EXTREJIE RESISTANCE TO INSULIN STUPOR IN A 
SCHIZOPHRENIC PATIENT^ 


T. 13. Rivp:rs, and K. A. C. Elliott, Pii.D., Philadelphia, Pa. 


T he variability in the response of different subjects to similar doses of in- 
sulin is observed liy all who have exiieriencc in the shock treatment of 
psychotic patients or in the treatment of diabetes. Similarly the effects of low 
levels of blood sugar are known to vary widely in different subjects. Petersen 
and Lutz^ report the case of a patient who failed to go into stupor despite the 
fact that tile lilood sugar fell to 15 mg. per 100 c.e. on a dose of 360 units of 
insulin administered intravenously. Wc wish to report observations on a 
patient wlio shows extreiuc resistance to insulin stnpor. 

The routine procedure developed by one of us (T. I). R.) for tlie insulin shock 
treatment of psychotic patients Is as follows. For a preliminary period of one 
week, patients receive daily intramuscular injections of 5 units of insulin in 
order to desensitize those who might show sensitivity to insulin. Then the 
patient receives, before breakfast, daily doses of insulin wliich start at 50* units 
and are increased, usually by 20 units at «a time, until stupor is produced. 

The subject of this report, a hebephrenic schizophrenic male, 23 years oldr 
had his dosage of insulin increased up to 1,200 units intramuscularly, the later 
increments in dosage being 100 units at a time. This failed to produce .stupor, . 
and insulin wms then administered intravenously starting witli 20 units, and 
increasing the daily dose by fairly large increments up to 2,500 units. Deep 
stupor was never produced. After the highest dose, some twitching occiliTcd, 
but tlie patient could still drink glucose solution offered at the end of the treat- 
ment period. Finally, the patient was given 120 units of protamine zinc insulin 
intramuscularly at 8 p.jl and then received 500 units of ordinary insulin in- 
travenously at 8 A.M. the next morning. This time,- light stupor for about fifteen 
minutes was produced two and a half hours after the intravenous injection, but 
a convulsion occurred which awakened the patient. (Brief muscular activity, 
such as a convulsion, is known to cause a rise in blood sugar. See, e.g.., 
Elliott et al.^) 

Venous blood sugar levels were determined immediately before and at in- 
tervals after the administration of insulin, by the method of Benedict as 
modified by Elliott et al.* Results are shown in Table I. It will be seen that, 
even with relatively small doses of insulin, the blood sugar fell rapidly, follow- 
ing a course very similar to that observed with ordinary patients who go into 
deep stupor. Actually, increasing the intramuscular dose from 400 U. (the 
lowest at which blood sugar detemiinations were made) to 1,200 U., or the in- 

•Froni the Institute of the Pennsylvania Hospital. 
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(riivcuous (lose from 20 U. to 2,500 U., \vm\ no iippveciablc effect on the vale of 
fall in Iilooil sugar. 

The fasting hlooU sugar of the patient before insulin injection was nearly 
always higher than normal tiiough there was no sign of glucose in the urine. 
The lowest level of blood sugar after insulin was also nearly always .slightly 
higher than has. been found with other patients undergoing insulin ti’eatment. 
This suggests that the regulation of the blood sugar W'as somewhat unusual in 
the resistant patient. "While insulin administration produced a normal 
total drop in blood sugar, a certain amount of sugar was not subject to regulation 
by insulin, and this reserve was sufficient in his case to prevent stupor. How- 
ever, one low figure for the final level argues against this hypothesis. Several 
determinations carried out after yeast treatment indicated that no nonferment- 
able reducing sulrstanees wore affecting the results. 

SUMMARY 

Oljservations are rcjiortcd on a patient who received up to 1,200 units of 
insulin intramuscularly and up to 2,500 units intravenou.sly without going into 
deep stupor. Insulin i)rodiiccd the same total fall in blood sugar in this patient 
as in patients who went into stupor. 
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PURIFIED PYROGEN FROM EBERTHELLA TYPHOSA^ 


A Preliminary Report on Its Preparation and Its Ciiejiical and 
Biologic Characteristics 


Co Tui, M.D., D. Hope, Ph.D., ]R. H. Schriet, and J. Powers, B.S. 

New York, N. Y. 

With the Technical Assistance oe Arthur Wallen and Lilly Schmidt 


I N A PREVIOUS report from this laboratory it was stated tluit tiie fever- 
•1 producing pruiciple, or pyrogen, in tyjihoid vaccine is not removed by 
Berkefeld filtration; i.e., it is soluble and not bound to the bacterial liodies; it 
is retained by a 200-second Zsigmondj' iiltrafiltcr and is, therefore, of tlie same 
order of particle size as the fever-producing principle found in intravenous 
fluids ; and like the pyrogen found in insulin and infusion fluids, it is removable 
by filtration through asbestos pads of the Ertel pyrogen retentive type. For 
these reasons, and for the rea.son that the clinical response provoked by an 
intravenous injection of “pyrogenic” fluids is similar to tliat provoked liy 
typhoid vaccine, it was concluded that the fever-producing iirincijile associated 
with Bacilhis typhosns and pyrogen ai'e elcKsely related substances. 

The present u'ork deals with isolation of this pyrogen from typhoid bacilli 
and with some of its chemical and biologic characteristics. 

Method . — The starting material was a concentrated stock suspension of 
killed Eberthclla typhosn containing 50 to 88 million microorganisms per c.c. 
The entire procedure from beginning to the final product was carried out under 
aseptic precautions, all the apparatus having been autoclaved or boiled in P 3 '- 
rogen-free water and all the distilled water boiled fresh. 

The suspension (usually from 6 to 7 liters) was centrifuged at over 3000 
revolutions per minute until the supernatant was clear. The pooled super- 
natant fluid was passed through a Berkefeld or IMandler filter of the smallest 
porosity. The clear sparkling filtrate was then poured into 10 volumes of filtered 
95 per cent or absolute alcohol, to which rvas added sodium acetate crystals in 
.the approximate concentration of 0.5 per cent. The precipitate, which first ap- 
peared as a thick cloud, v'as allowed to settle over 48 to 72 hours, after which 
the alcoholic supernatant was siphoned off. The alcohol-precipitate mixture 
at the bottom of the vessel was then centrifuged and the supernatant alcohol 
drained off. 

The grayish ivhite precipitate, which now contained the pyrogen, was sus- 
pended Avith hot distilled Avater until a viscous suspension Avas obtained. It 
Avas then transferred to a Yisking cellophane sac ; toluene Avas added as a pre- 
servative. Both ends of the sac AA'ere tightly tied off, and the suspension dialyzed 
for 4 to 5 days in a refrigerator, first against tap, then against distilled Avater. 

‘From tUe laboratory of Experimental Surgery, New York University College of Medicine, 
under grants from New York Foundation and The Eli Lilly Company. 
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^lost of the salts wore removed in this way. After dialysis, any insoluble 
material within the sac was centx’ifuged off; and to the cold supernatant were 
added 10 volumes of cold absolute alcohol. The resulting precipitate was 
centrifuged, dissolved in a minimum amount of liot water, and added to 6 vol- 
umes of 95 per cent phenol, according to the method of Palmer and Gerlough.^ 
The concentrated idienol extracted mast of the protein present. Tliis step was 
rejjcated. The final precipitate was washed witli alcohol several times to remove 
phenol, di.s.solved in a minimum amount of hot water, and poured into 10 volumes 
of absolute acetone. The white precipitate was centrifuged off, dried, and 
weighed. 

In following tlie procedure described above, the pyrogen-containing precipi- 
tate was dried and weighed at each stage in the process of concentration and 
l)urifieation, and micro-Kjeldahl nitrogen determinations, according to the 
method of Levy and Palmer,* were carried out on samples. In this way, the 
lo.ss of nitrogen could be traced. 

Physical and Chemical Charactcristics.—The final yield from 6 liters is 
slightly more tlian tliree Om., or approximately half a gram per liter of the 
suspension. The product is a gummy substance. Its true solubility has not 
been determined, since it forms colloidal solutions exhibiting opalescence. Tlie 
eliemical propcrtie.s arc summarized in Table I. 


Tadle I 

CiiEincAr. PBorEP.TiE.s of Typhoid Pyrocex 


TESTS 

IIESULTR 

Moliacll 

Strongly positive 

Pentose 

Negative 

Gnl.'ictosc 

Negative 

Uronic acid 

Negative 

Muclc acid 

Negative 

Reducing sugars 

Negative (befoie liydrolyj-ls) ; ± after 

Osnzones 

Melting point; 170 to 383“ C., lowered by 
mixing with glactasazonc 

Millon 

Negative 

Biuret 

Negative 

PjTOgenic activity 

Lost after hydiolysis 


Table II embodies the elemental analyses of pyrogen prepared from the 
two different suspensions of EbertheUa typhosa. It will be noted that tiie 
percentage of nitrogen is identical in both samples, being 1.5 per cent each, that 
the sample has a higlicr percentage of carbon, and that the percentage of hydro- 
gen and asli is approximately the same. The atomic ratios are as follows : 


c 

39.4 

30 


39.3 


46.7 

36 

H 

7.1 

7.0 

66 


6.7 

63 

N 

1.5 

1 


The C:H:N ratio suggest.s that the pi-oduct pyiogen is not a protein. It 
would be consistent with 1 glucosamine per 5 or 6 liexose units. The C ;H ratio 
is roughly that of a polysaccharide. 



60 


THE JOURNAL OP LABORATORY AND CLINICAL JIEDICINE 


The P:S:N, which is roughly 1:2:5, suggests strongly that S and P are 
present as impurities, since oiilj’- one S and only two P occur for every 150 
atoms of C. 

Minimum Pyrogenic Dose: The ilPD is arbitrarily defined as that dose 
wliieh upon intravenous injection per kilogram test animal will provoke a rise 
of temperature of 0.5° to 0.6° C. witliin four after injection. Table III 
summarizes the MPD doses in three species of test animals, namely rabbit, dog, 
and man. 

In a previous report,^ pyrogen “A,” a cruder product containing 2.5 per 
cent N, was used for the calibration of Ertel pyrogen retentive pads. The JIPD 
of this product rvas 0.1 microgram for rabbits, 0.4 niicrogram for dogs, and 0.3 
microgram for men. This makes the rabbits approximately three times, and 
the dog 12 times less sensitive than man. In the present, more highly purified 
preparation, this approximate relationship still holds (See Talile III). 


Table H 

Elemental Analysis or Typhoid Pyrogen 




c 

II 

s 

P 

ASU 

Squibb 

1.5 

39.4 

7.1 

/ 1.25 

0.01 



39.3 

7.0 

1.2D 

0.07 


Lilly* 

1.5 

40.7 

0.7 





•The Lilly material contained cciual parts of (1) .Yriny Aledlcal School. Panama, Xo. 58 
strain, and (2) Army Aledical Scliool, Itawlini;, No. "S" strain. The Squibb material contained 
Panama No. 58 strain. 


TiYBLE HI 

JIiNi.MUM Pyrogenic Doses op Typhoid Pyrogen 


experimental animals 

XO. USE1> 

DOSE IN MICROGRAJIS PER 
KILOGRAM ANIilAL 

Babbit 

8 

0.00 

Dog 

8 

0.24 

Man 

0 

0.02 


The approximate minimum lethal dose of this purified typhoid pyrogen on 
the rabbit has been determined and is summarized in Table IV. It lies between 
175 and 190 micrograins per kilogram rabbit. 

It will be seen that the spread between the MPD and the minimum lethal 
dose is rather high, over three thousand times. The rabbits receiving the lethal 
doses die within two hours, in convulsions, with only moderately elevated tem- 
peratures. It is cpiite possible that had the rabbits lived longer, a higher body 
temperature might have developed. 

Favorite and Morgan'^ reported in 1942 that 100 micrograms of their 
preparation of antigenic material from Eherthella typJiosa in man caused a 
temperature rise of from 100.2° to 101.8° F. This effect is almost within the 
range of our definition for the effect provoked by our MPD. Since our present 
material gives this rise in doses of 0.02 microgram per kilogram, or 1.2 micro- 
grams for a 60-kilogram man, it appears that the present material is almost a 
hundred times more potent than that of Favorite and Morgan, which, according 
to one of their reports® contains 7 per cent of nitrogen. 
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It will also 1)0 pertinent to record tlie case of a ])atient wlio received 15 
niierogranis of tliis purified iircparatiou per kilogram, i.c., 750 times the lilPD. 

Slic wcigliod 78.6 kilograms, with initial leucocyte count of 10,300, and 
rectal teini)erature of 37. 5^^ C., a pulse rate of 96, a respix-ation rate of 20, and 
blood pressure of 123/SO. At 2:45 P.M., she was given tlie injection. In one 
hour and fifteen minutes the temperature had reached 40° C., the pulse rate was 
first slightly lowered, then rose to the initial level, and the respiration ^vas 
only slightly accelerated. The lexicocyte count at this time was 6,200, a sug- 
gestive Icucopcnia. At 8:25 p.m., her temperature had risen to 40.9° C., pulse 
rate to 140, and rc.spiration to 2S. She vomited and was incontinent; lier blood 
pressure was 70/50. Slie became uneonseioxis and stayed unconscious for 48 
hours. In 24 hours, her blood pi*essure was 110/70, her temperature was still 
40.5°, aud lior pulse rate was 128. Her temperature reached normal in 72 hours. 
If this dose is near fatal, thou the spread between the ininimuin lethal aiid-the 
imiiimiim effective dose in man would be in the order of hundreds and not 
thousands as it is in rabbits. 

No immunologic studies have been done with jxyrogen, for the reason tliat 
wc are not yet assured of its purity. 


Table IV 

Miximum Lethal Dose op Typiiojd Pvnooex 


BOSK IK i[lCRO0IUMS PET. 
KlLOQPvAil IliADBlT 

NO. OP AKIiTALS 

USED 

KO. SURVIVIKQ 

150 

3 

3/0 

179 

3 

2/1 

190 

3 

0/3 


Table V 


COMPABISON OP TYPUOII) PYROGEN' AND PEL.VITD PRODUCTS 


AUTHORS 

1 1 

YEAR 1 

1 

REF. 1 
NO. ' 

B.\W 1 

material ' 

1 

N.\ME OF 1 
SUBSTANCE 1 

METHOD OP 
PREPARATION 

j ELEMENTARY 

1 ANALYSIS 

N 

PER 

CENT 

REDUC- 

ING 

SUGARS 

PER 

CENT 

p 

PER 

CENT 

Topley, et 
ul. 

1937 

7 

Bacterial bc»i- 

ICS 

Antigenic 

material 

Try^ptic digestion 

4.8- 

5.3 



Henderson 

and 

Morgan | 

193S 

8 

1 



2A 


1.5-2 

Dennis, et I 
ah 

1939 1 

10 

Cells 

Lolls 

Typhoid 

Leuco- 

cidin 

rrichlo< acetic acid 

4.0 

1 

4.G 

Freeman, ct i 
al. 

1940 

9 


1 

Tryptic digestion | 
Tiichloracetio acid 
Ethylene glycol ' 

4.2- 1 
7.2 

32-46 


Morgan 

1941 

0 

Growth, syn- 
thetic me- 
dium 

Antigenic 

1 material 

•Sodium acetate 
and alcohol 
precipitation 

7 1 


5.6 

Co Tm et 
al. 

1943 

Pu-s. 

cut 

work 

Supernatant 
of concen- 
trated ty- 
phoid sus- 
1 pension 

' PyTogen 

kjodium acetate, al- 
cohol precipita- 
tion, acetone 

1 reprpcipitation 

1.5 

1 

1 

1 

30% 

0.61- 

0.67 
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COMXrENTS 

A review of the works of Topley et al.,‘ Freeman et al.,’’ Henderson and 
Morgan,® Morgan,® and Dennis and Senekjian’® on typhoid antigens and 
typhoid leucocidin brings out striking similarities of tliese substances witli the 
present product. 

Chemicallj^, it behaves like the antigens in cpiestion: It contains a poly- 
saccharide, and it splits into reducing sugars after liydrolysis and forms osazones. 
Its elemental composition, particularly in N content, does not differ too greatly 
from that of these antigens, in view of the crudity of tliese various ixreparations, 
.the differences being attributable to tlie different methods of preparation (see 
(fable V for a compilation of the methods and the figures of elemental analj'ses). 
Finally, both pyrogen and these antigens are highly potent chemically, evoking 
temperature and leucopenia in microgram doses. 

.SUJtJIARY 

1. A fever-producing principle or pyrogen from the Ebertliella typliosa has 
been isolated and purified. 

2. Some of its chemical characteristics are studied. 

3. A tentative attempt is made to identify it with the typhoid antigens 
isolated from the EbertheUa typliosa by other wokers. 

The authors acknowledge tlielr Indebtedness to Dr. R. Keltli Cannun for invaluable advice 
in the course of this work, and to Dr. W. 12. Bunny of the 12. K. Stjuibb Laboratories; to Drs. 
K. K .Chen and W. A. Jameson of the 1211 Lilly Company and the Lederle Laboratories tor the 
bacterial material. 
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LABORATORY METHODS 


GENERAL 


THE KEAI'PEARAXCE OF FLICKER AT HIOH FLASH FREQUENCV 
IK PATIEKTS WITH BRAIN PATHOEOGY AND 
IN NORMAL SI B-IECTS- 


Koiibekt Exzrii, M.P., P.A C.P , Ernst Si.'ioxsos, M.D. 
Samit-.u S. Bi.ANKSTr.iN, M.I)., JUlwaukki:, Wxs. 


INTRODl'CTION 

D uring tlio COIU'SO of I'xpoi'inu’iits on tile fii.sion I'reiiuency of flicker, ii 
second iind a tliiid ivapixearaiicc of flicker was olbcrvcd wiien file speed 
of the motor was iiicreused be.vond the fusion freijiicncy of tlie originai or first 
flicker. Tiu-s rcapiicaraueo is conveniently named tlie “second” aud “third” 
tlickers respectively. Bcgimiin.!; with a freqiiei)e.v of about 105 fia.s!ics per 
second, a faint ttiekev appears apaiii. With further increase of iiash freqttency 
the flicker lieeomes more and more manifest and readies a maxiinnni of in- 
tensity at aliout 115 tia.siies per second. Finally, the flicker disappears at a 
frefpieney of aliout 122. .After a short interval of two to five flashes per second, 
a third liieker appears; lliis readies its nia.-ciimim intensity between 130 and 
140 and then disap]iear.s between 145 and 150. After this, no further flicker 
was detected. 

The second and third reappearance of flicker occur.s only when alternating- 
current is used and not with direct current Therefore, it iiiiist he regarded 
as an interference plienonicnon between the waves of luminosity of the fila- 
ment, produced by the cycles of the alternating- current and the light flashes 
it is an objective pbenomenon, for it can bo photographed directly by means 
of a movie camera or indirectly by uieaiis of a photoelectric celi and a cathode 
ray oscillograph. The second and third flickers are le.ss distinct with a thicker 
lamp filament, because the waves of luminosity are more level. The second 
aud third flickers arc most manifest with a Neon bulb, because with tin's light 
source there is practically no inertia. Early in tiiese iiive.stigntions it was 
found that the recognition of the second aud third flickers was impaired in 
patients with brain pathology and usually this was more marked than the im- 
pairment of their recognition of the first flicker. Phillips* reported a decrease 
of the fusion frequency of flicker in S chiasmal and in 2 out of 4 parietal 

'From tlie Reseaich Laboiatories of Mt, Sinai Hospital. 
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brain tumors which are independent of visual acuity and visual field. Werner” 
found in a group of 20 children with brain injury a pronounced depression 
of the fusion freciuency. It seemed possible that the phenomenon of the 
reappearance of flicker might be worked out as a clinical method for the study 
of brain conditions. For this pui-pose, nomal data for the range of the second 
and third flickers in three standard arrangements were established in 25 normal 
healthy subjects with normal vision and normal ocular structure. This material 
was used for comparison with a series of observations on 41 patients with 
various disorders of the central nervous sj'stem. 

AIETHOD 

We used the same rotator arrangement as in our former experiments.'"” 
The beam of light from a 25 ivatt iMazda bulb was interrupted by a rotating 
disk with six openings; 60 cycle alternating current was used and the voltage 
kept constant by a regulator. Two dislcs were used. In one the relationship 
between duration of hashes and duration of dark intervals was 50:50 (50 per 
cent) ; in the other disk it was 17.5:82.5 (17.5 per cent). Two different square 
exposure areas were used, with a visual angle of i/o degree and 1 degree re- 
spectively. Consequently, all results concern the fovea only. A few minutes’ 
adaptation time was found to be sufficient to obtain reliable and constant 
results. The surrounding illumination was 2.0 foot-candles at the plane of the 
illiuninated area and 0.32 foot-candle at the subject’s eye. The time of ex- 
posure was limited to 1.5 seconds. Three different intensities of illumination 
were used by placing a diaphragm (1, 2, and 3) with a different size opening 
in front of the source of illumination. 

Out of eighteen different combinations of size of area, intensity of illumina- 
tion, and relative duration of flashes, investigated in two normal subjects, three 
standard arrangements were chosen for the investigation of 25 normal subjects 
and 41 patients : (1) Eolative flash duration 50 2 icr cent ; diaphragm 2 (= 0.003 
candle power per sq. cm.) ; visual angle 1 degree. (2) Kelative flash duration 
17.5 per cent; diaphragm 2 (= 0.001 candle power per sq. cm.); visual angle 
y -2 degree. (3) Neon bulb; relative flash duration 50 per cent; no diaphragm; 
visual angle Ih degree. Each eye was examined separaleljL The first flicker 
was investigated with arrangement (1). When using arrangement (2) or (3), 
the first flicker disappears at a much higher flash frequency, so that the flicker- 
free interval is shorter. 

The maximum of the second and third flickers occurred at the same flash 
frequency in all arrangements, but the range of frequencies, over which the 
second and third flickers could be seen, i.e., the difference between appearance 
and disappearance, varied. In this report the observations are concerned with 
the range of the second and third flickers. Therefore, measurement of the second 
and third flickers includes two fusion points (appearance and disappearance). 
The experimental error of the determination of the first flicker is about one flash 
per second ; the error in the determination of the range of the second and third 
flickers is about two flashes per second. As with the first flicker, it was found 
impossible to affect the accuracy or range of observation of the second and 
third flickers by effort or training. 
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RESULTS 

Tabic I shows the limits, distribution, average and standard error of the 
range of the second and tliird flickers, established in 50 individual eye values of 
25 nornuil subjects. The second or third fliekev is easiest to recognize with the 
Neon arrangement (higiicst average value, .small standard error), and hardest 
at 50 per cent fla.sh duration (smallest average, highest standard error). Tlie 
standard error at 17.5 jior cent flash duration is about tlie same as that with the 
Neon arrangement. The higher standard error at 50 per cent flash duration 
means that deviations are less .significant with this arrangement. On the other 
hand, deviations occur carlic.st at 50 per cent flash duration when the values 
might still be normal at 17.5 per cent flash duration. The lowest normal limits 
seem to be the mo.st imiiortant for clinical i)iirposes. A pathologic decrease 
may be assumed to be present when the value is smaller by one flash than the 
lowest limit at 17,5 per cent fla.sh duration and the Neon arrangement, and by 
two flashes at 50 per cent flash duration. 

The average range of the second flicker is somewhat greater than the 
average range of the third flicker, but this difference is not statistically sig- 
nificant. Differences between the right and loft eyes were analyzed according 
to the data on averages, standard deviations, and distribution. A difference 
between the right and left eyes in the perception of the first flicker, the second 
and third flickers with the Neon arrangement, and at 17.5 per cent relative flash 
duration, can he regarded ns a significant pathologic deviation, when exceeding 
two flAshes. At 50 per cent flash duration, the normal limit of differences 
between the right and left eyes for the second and third flickers is three flashes. 
There was no evidence llu\t sox or age influenced tlie perception of the second 
and third flickers. 

Tables II to VI give a .sclioinatic summary of the fusion of flicker findings 
ill 41 eases, grouped according to their clinical diagnosis. The vision was nor- 
mal if not stated otherwise Column 2 of Tables II to VI shows the date when 
the fusion frequency was tested 

OKOUr I, URAIN TUMOR 

1. C. F., male, aged 20. Inoperable loft frontal lobo tumor. 

2 . B. W. female, aged -10. Glioblastoma of left frontal temporal area. Kesected 1/24/40; 
followed by x-ray therapy. .1/3/41 recurrent tumor in same area removed, followed by 
x-ray therapy. 

3. 0. 0., male, aged 47. Glioblastoma over corpus callosum removed. X-ray therapy. 

4. R. S., female, aged 3(3. Diagnosis of petit inal (September, 1040). April, 1941, opera- 
tion for left parietal astrocytoma. X-ray therapy. 

5. A. R. male, aged .14. Left frontal tumor removed. X-ray therapy. 

C. P. H., male, aged 4G. Tumor of floor of tliiid ventricle (infundibuloma). 

The vesults of patients of Oroup 1 are shown in Table II. For convenience, 
the lowest normal limits, taken from Table I, arc added in the last line. 

All patients show complete abolition (0) or pronounced reduction of the 
range of the second and third flickers in one or both eyes at 50 per cent flash 
duration and abolition, pronounced or moderate reduction at 17.5 per cent 
flash duration. In Patient 5 tlie range of tlie second flicker at 17.5 per cent flash 
duration coincides with the lowest normal limit, while the third flicker is mod- 
erately reduced on the right and slightly reduced on the left eye. There are 
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Limits, Distribdtion, Average .and Standard Error of the Range of tiif. Second and Third Fuckers, Estahiasiied in 25 Normal Subjects 
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signifit'ant dift'crouees hotwoeu the right and left eyes in Patients 1 to 5 for 
the second and tliird illcker, and in Patients 1. 3, 4 also for the first flicker. 
The first flicker is depressed in Patients 4 and (i (both eyes) and in Patient 3 
on the left eye only. In Patient 4 the recognition of flicker was impaired four 
months before the first definite neurological findines were obtained to warrant 
a competent neur<)l()gist to recommend surgery. Also in Patient 6 the fusion 
frequency showed pn>nouneed depre.ssion (first flicker) and complete abolition 
of the second and tliinl lliekers at a time when the neurological findings failed 
to give clear evidence Interesting is the improvement of the recognition of 
the second and third flickers in Patient 1 after x-ray tlierapy, paralleling sub- 
jective improvement In Patients 2. 3, and 5 the flicker test was performed 
after recovery from operative removal of the tumor. In these cases the reduc- 
tion of the jlieker is related to the elTecfs of l)oth tumoi* and operation. Since 
those eases show a pronounced deviation in the presence of considerable clin- 
ical improvement, it seems safe to assume that the deviations were not less 
before surgery. 

OROUP II. PARKINSON- *S DISEASE 

7. 0. S., females aged 14. Po-if enoephalitjc parkm.soni'iiii, 

8. K. IL, male, aged AS. Po^tetJeephuhtic parKin.soai'‘m. 

R. E. L., male, aged 4;i. P(»stencej>Ioih(ic parknisom.siii. 

10. il. N., male, aged 42. Posteuccpliabtic p.irkiiisoiiiMii. 

11. C. S., females agetl 02. Mild parkinsonism. No hi'<tor.v of encephalitis. 


T.\in.n III 

Tub or tub Secosu .\Nt> Third Flickers i.v P.xtikxts With Parkinson's Disease 


CASE 

NO. 

DATE 

FIRST 1 
FLK KEll 1 

r l I 

1 FUX.SII 

' orR.XTION Fl.irKF-B 

1 1 7.5% F1«\S1I 

1 DCUATION FUCICER 

1 NEON .VJtRANGEMEKT 

1 PUCKER 

HF-CONI) 

It L 

1 TillRI) 

1 R L : 

SKCONI) 

R I. 

THIRD 

R L 

SECOND 

R I, 

THIRD 

R f> 

7 

9/14/40 

42 0 

42.0 

0 

0 

0 

0 

0 

0 

0 

0 






2/18/41 

41.0 

41.0 

0 

0 

0 

0 

0 

0 

0 

0 

I 9.0 

9.0 


7.2 

S 

10/24/40 

39 2 

42.0 

0 

0 

0 

0 

3..H 

11.2 

7.2 

10.8 






(j/22/41 

41.4 

43.2 

3.2 

7.0 

4 4 

(5 .8 

11.4 

13.8 

G.O 

.8.4* 





0 

5/25/41 

40.2 

4.3 2 

4.2 

4 2 

3.0 

0.0 

• 2 

11.4 

11.4 

11.4 

11.4 

10.2 

9.G 

11.4 

10 

i 0/14/41 ! 

48 41 

49.2 

0.S 

10.8 

0 0 

7 .S 

9.0 

13 8 

7.2 

9.G 





11 

1 9/10/41 

42 0 

42.0 , 

0 

0 

0 

0 

1 12.0 

1.2 

110.2 

1 7.2 

12 G 

111.4 

1 10 8 

8.4 

Lowest noiimil 

42.0 

42 0 1 

10.8 

10.8 

9.0 

9.0 

13..S 

13.8 

10 8 

10.8 

15.0 

15.0 

! 13.2 

13.2 


limits 

















•Some bubjectivo inipio\cment. 


The results of this group are shown in Table III. The first flicker is near 
the lowest normal limit except in Patient 10, who has values within the normal 
range. At 50 per cent flash duration, recognition of the second and third 
lliekers was aliolislicd (Patients 7, 8, and 11) or markedly depressed. There 
was a moderate reduction, at least in one eye, at 17 5 per cent flash duration, 
and witli tlie Neon arrangement in Patients 8 to 11, wliile Patient 7 showed 
pronounced reduction witli tlic Neon arrangement and complete abolition with 
17.5 per cent ilash duration. Significant differences in the recognition of the 
second and third flickers between the right and left eyes were observed in 
Patients 8, 7, and 10, altlunigh they are not consistent in all arrangements in 
Case !). The second examination of Patient 8, performed eiglit months after 
tile first examination, sliowcd an increase of tlio range of the second dicker, 
paralleling a subjective iinproveraent. 
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GROUP in, HEAD INJURIES 

12. J. C., male, aged 62. Unconscious after injury. Headache, vertigo, and weakness. 

13. E. H., male, aged 51. Unconscious after injury. Headache and vertigo. 

11. J. E., male, aged 36. Skull fracture. Unconscious after injury. Complete loss of hear- 
ing of right ear, secondary right optic nerve atrophy. Vertigo, intermittent headache, 
spastic gait, right hemiparesis. 

15. F. B., male, aged 31. Not unconscious after injury. Headache, vertigo, vestibular im- 
balance, and slight n 3 ’stagmus. 

16. W. D., male aged 21. Unconscious after injury. Headache, vertigo, and personality 
change. 

17. A. S., male, aged 37. Unconscious after injurj'. Headache, vertigo, vestibular imbal- 
ance, loss of hearing, personality change. Normal encephalogram. Bloody fluid re- 
moved from right posterior fossa after flicker test. 

18. J. T., male, aged 22. Unconscious after injury. Temporal lobe hemorrhage. Recovery 
after surgerj'. Personality change. 

19. R. F., male, aged 18. Not unconscious after injury. Jacksonian epilepsjL Improve- 
ment after surgery, March, 19-10. 

20. K. M., male, aged 51. Unconscious after injury. Headache. Vision 15/30. 

21. R. Iv., female, aged 29. Not unconscious after injury. Vertigo, headache, disturbed 
gait, and vestibular imbalance. 

22. C. Z., male, aged 50. Skull fracture. Unconscious after injurj'. Headache, vertigo, and 
vestibular imbalance. 

23. J. B., male, aged 51. Unconscious after injurj’. Vestibular imbalance, loss of hearing, 
headache, and mental deterioration. 

21. R. C., female, aged 19. Unconscious after injurj'. Headache, vertigo, and vestibular 
imbalance. 

25. R. G., male, aged 33. Not unconscious after injurj-. Headache, vertigo, and vestibular 
imbalance. 

26. C. E., male, aged 21. Unconscious after injurj'. Headache, vertigo, and vestibular 
imbalance. 

27. H. J., female, aged 19. Skull fracture. Unconscious after injurj*. Headache, vertigo, 
and vestibular imbalance. Hearing loss, left oar. 

2S. H. W., male, aged 10. Not unconscious after injurj-. Vertigo. Quick recovery. 

(The dates of injurj' and flicker test for above patients are shown in Table IV.) 

Table IV shoivs the results of these seventeen patients with postconeussion 
syndrome. The clinical objective data in most of these cases are meager, in 
contrast to the pronounced complaints. In Case 22 the second and third flickers 
were abolished or greatly reduced eight weeks after the skull fracture, when 
all neurological findings were normal with the exception of increased vestib- 
idar excitability. Case 27 is similar. The results of the fliclcer test naturally 
depend on the severity of the injury, the progress of convalescence, and the 
interval between flicker test and injury. All cases except 17, 21, and 28 show 
■ abolition or pronounced reduction of the range of the second and third flickers 
at 50 per cent flash duration ; abolition or pronounced to moderate reduction at 
17.5 per cent flash duration ; and moderate to pronounced reduction with the 
Neon arrangement. Patient 17, investigated six months after the accident, 
showed slightly decreased values at 17.5 per cent flash duration and with the 
Neon arrangement. Patient 21 had resumed her work several weeks before 
the flicker test. Patient 28 had suffered the slightest injury of all cases of 
this group ; his values were normal, but near the lowest limit at the first ex- 
amination ; there was a definite increase in all arrangements three weeks later, 
when the patient felt completely recovered again. Since the normal values of 
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tlu' j)aticnt are not Iviiown, low normal values do not exclude a pathologic 
feductioii. An iniprovoniont of the recognition of the second and third flickers 
at the second examination is shown in Patient 26 after an interval of two 
months (with the Neon arrangement), in Patient 12 (interval of one month), 
and Patient 16 with an interval of three days only. The majority of patients 
show signilicant ditferences of the second and third flickers between the right 
and left eye. Nine of 17 patients show also depression of the first flicker, and 
out of eiglit with normal values of the first flicker four have significant differ- 
ences between the right and left eyes. 

GROUP tv, MISCELLANEOUS CASES 

29. R. S., female, aged 42. Left liemiplegia 2/2/39. Rccovereil. Hypertension. 

."lO. L. K., female, aged .'17. Alultiple sclerosis. 

31. T. S., female, aged 31. Afultiple sclerosis. 

.')2. II. L., male, aged 29. Cerebral abscess drained in 193G. Ataxia and vertigo. Vision: 

left eye, normal, right oyc with correction, 13/40. 

33. J. H., female, aged 13. Onset of convulsions at 9 years of age. Probable Jacksonian 
epilepsy. 

Table IV 


The Range of the Second and Tmibd Flickers in P.vtients With IIe.\d Injuries 



D.VTE or 

NATION 

FinST 

FLICKER 

R L 

509J FL.\SII 
DURATION FLICKER 

17.57^ FLASH 
DURATION FLICKER 

NEON ARRANGEUENT 
FLICKER 

.SECOND 

R L 

THIRD 
r. L 

SECOND 
n L 

THIRD 

R L 

SECOND 

R L 

THIRD 

R L 

12 

7/10/40 

9/11/40 

43.2 

45.6 

0 

0 

1.8 

4.2 











10/13/40 

44.0 

40.0 

0 

1.4 

2.4 

6.2 









13 

Mav '40 

7/12/41 

30,0 

30.0 

0 

0 

0 

0 

0 

0 

0 

0 





14 

8/20/40 

8/15/41 

39.0 

44 1 

0 

0 

0 

0 

0 

0 

0 

0 

10.2 

12.0 

7.8 

9.0 

15 

10/2li/40 

7/22/41 

39.0 

37.2 

0 

0 

0 

0 

0 

0 

0 

0 

7.2 

4.8 

5.4 

4.8 

IG 

7/ 0/41 

8/12/41 

43.0 

49.2 

0 

0 

0 

0 

0 

10.2 

1.2 

9.6 

7.6 

10.8 

66 

9.0 


* 

8/15/41 

48.0 

50.4 

0 

1.8 

0 

4.8 

60 

10.2 

7.8 

9.6 





17 

3/ 1/41 

6/ 1/41 

47.4 

4S.0 

102 

7.2 

9.0 

8 4 

10.8 

7.2 

9.0 

8.4 

14.4 

1.3.2 

12.0 

10.2 

IS 

.3/14/41 

0/23/41 

t 

38.0 

0 

10.8 

0 

9.6 

0 

11.4 

0 

10.8 

0 

10 8 

0 

15 0 

19 

Cliild- 

7/14/41 

39.0 

39.0 

4.2 

0 

1.8 

0 

6.6 

0.6 

8.4 

6.6 

13.2 

13.2 

12.0 

102 


hood 
















20 

7/15/39 

9/11/41 

35.4 

33.0 

0 

0 

0 

0 

*.2 

7 2 

f .2 

7.2 

D.O 

G.O 

7.2 

2.4 

21 

0/31/41 

10/11/41 

50.4 

51.6 

10.8 

15.0 

10.2 

10.2 

15.6 

13.8 

14.4 

15 6 





oo 

S/21/41 

10/14/41 

4.3.2 

44.4 

0 

0 

0 

0 

3.0 

1.8 

2.4 

0 

4 8 

2.4 

3.6 

l.S 

23 

S/ 4/39 

10/14/41 

3.8,4 

42.0 

0 

8.4 

0 

8.4 

0 

12 0 

4.2 

7.8 

CO 

11 4 

G.O 

8.4 

24 

1/10/42 

2/17/42 

30.6 

30.6 

0 

0 

0 

0 

6.6 

48 

6.6 

5 4 





25 

0/12/41 

1/10/42 

34.S 

.37 2 

0 

0 

0 

0 

0 

0 

0 

0 

l.S 

6 0 

3.0 

G.O 

26 

8/11/41 

10/23/41 

40.8 

45.0 

0 

0 

0 

0 

0 

0 

0 

0 

7.8 

13 8 

8.4 

9.0 



12/19/41 

42.6 

45.<» 

0 

0 

0 

0 

0 

0 

0 

0 

13 8 

14.4 

10.2 

9.0 

27 

8/18/41 

1/10/42 

43.8 

4G.vS 

0 

l.S 

5.4 

4.2 

11.4 

12.6 

13.2 

15.0 





28 

1/ 9/42 

1/17/42 

42 6 

42.6 

12.0 

13.8 

12 0 

12,0 

12.6 

9.0 

12.0 

12.0 







2/ 7/42 

45 6 

46.8 

15.0 

15.0 

16 2 

13 6 

14.4 

13.2 

15.0 

13.8 





Lo\\est nor- 


42 0 

42 0 

10.S 

10.8 

9.0 

90 

13.S 

13.S 

10.8 

10 8 

15.0 

15.0 

13.2 

13.2 

nial limits 

















•Spinal puncture on Aug'Ust 14 

tPatient hail dilliculty to iliscnmln.itc the fusion of first flicker with right eye. 


Table V shows the results of Group IV. The recognition of the second 
and third flickers is impaired in all patients, while the first flicker is depressed 
in two patients (29 and 31). 

GROUP V, NEUROLOGICAL SYMPTOMS WITHOUT DEFINITE DL^GNOSIS 

34. J. C., male, aged 36. Diabetic. Nerve deafness. Right eyelid ptosis. Right external 
ophthalmoplegia. Paralysis of inferior rectus and internal rectus muscles. Spinal fluid 
protein increased. Diplopia. 
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.■’>5. D. U., male, aged 55. Loss of superficial and dee]) sensation. Loft arm. Astereognosis. 
Sclerosis of retinal vessels. Probably vascular disease right brain. 

5(3. S., male, aged 51. Spastic gait. Impaired coordination. I.oss of weight. Personality 
change. Diagnosis: possible brain tumor. 

37. E. K., male, aged 26. Recurrent vertigo. Paresthesia. Transient hemiparesis. Left 
temporal pain. Normal encephalogram. 

38. S. “W., male, aged 30. Weakness and mimlme.ss of left hand. A'umbnoss of left thigh, 
Hemiparesis. Left tendon reflex absent. 

,39. R. B., male, aged 52. Headache. Epileptiform seizures. Onset three months after 
in.iury. Vision: right e.ve, normal, left eye, 1.5/100. 

40. P. R., male, aged 54. Head injury 2/2/40. Not unconscious. Vertigo, Injured area 
painful. Increased vertigo. 

41. A. B., female, aged 5S. Recurrent attacks of syncope. Widely spread, generalized 
convulsions. Probable epilei)sy. Kiicephalogram was normal. 


Table V 

The Raxge of the Second and Thiud Plickeus in P.vtient.s With Mi.scell.\neous Disof.ders 


CASE 

NO. 

DIAG- 

NOSIS 

DATE 



17.5% PDASU 
DURATION FLICKER 

NEON ARRANGEStENT 
FLICKER 

SECOND 1 
R L 1 

THIED 1 
U I. 

SECOND 

R L 

third 

R li 

SECOND 

R L ! 

THIRD 

R L 

29 

Hemi- 

9/24/40 

33 

133 

0 

0 

0 1 

l.-s 










plegia 
















30 

Multiple 

i 3/17/41 

48.4 


1.8 


0 


4.2 


4.2 


7.8 


8.4! 



sclerosi.s 

1 















31 

Multiple 

12/18/42 

30.6 

23.8 

0 

0 

0 

0 

0 

0 

0 


6.0 

6.6 

0.0 

0.0 


sclerosis 

! 


1 








! 

1 




32 

Cerebel- 

10/ 7/41 

45.8 

46.4 

0 

8.4 

0 

.7.2 

0 

10.2 

7.8 

6.0 

9.6 

12.0 

10.2 

11.4 


lar ab- 

1 











1 





scess 1 











1 





33 

Jackson- 

8/15/41 

43.6 

43.6 

0 

0 

0 

0 

0 


0 


11.4 

lO.S 

9.6 

12.6 

1 

ianepi- ' 
















j 

lepsy 













1 



Lowest normal limits 

42.0' 

42.0 

10.8' 

10.8 

9.0 


13.8 

13.8 

10.8 

■Big 


15.0 

13.2 

13.2 


•It was impossible to determine the dicker for the left eye because of interference of 


visual sensations. 


Table VI 

The R^vnge op the Second and Thibd Plickeks in P.itient.s With Neurological Compl-vints 

But Without Definite Di.vgnosis 


50% FL.VSH IT.O^r PL.V.SH NEON arrangement 

DUILITION FLICKER DUU.VTION PUCKER FLICKER 


case 

NO. 

DATE 

FIRST 

FLICKER 

R L 

.SECOND 

R L 

THIRD 

R li 

SECOND 

R L 

THIRD 

R L 

SECOND 

R L 

third 

R L 

34 

s/14/41 

30.6 

38.4 

4.2 

6.0 

3.6 

5,4 

7.8 

9.0 

5.4 

9.0 

10.2 

11.4 



35 

8/17/41 

45.0 

43.8 

7.2 

0 

6.6 


12.0 

7.8 

10.2 

7.8 

13.2 

8.4 

11.4 

7.2 

36 

7/25/41 

43.8 

44.4 

0 

0 

0 


10.2 

7.8 

11.4 

9.0 

17.4 

9.6 



37 

7/11/41 

45.0 

49.8 

8.4 

7.2 

oA 


13.2 

12.6 

10.2 

15.6 

15.0 

15.0 

11.4 

11.4 

38 

8/23/41 

46.4 

45.8 

9.6 

8.4 

9.0 

8.4 

16.2 

14.4 

16.2 

13.2 

17.4 

15.0 

11.4 

9.0 

39 

7/11/41 

48.6 

49.8 

13.8 

7.2 

13.0 

Bfil 

17.4 

9.6 

IS.O 

11.4 

14.4 

11.4 

13.8 

12.6 


9/13/41 

-49.6 

bmCI 

15.0 

12.0 

18.0 


18.0 

14.4 

IkbI 

14.4 

14.4 

14.4 

13.8 

13.S 

40 

8/11/41 

40.2 

40.8 

9.0 

13.2 

■Rni 

REI 

EES 

10.2 

11.4 

15, .0 





41 

7/11/41 

43.2 

43.2 

10.8 

7.8 

12.6 

8.4 

13.8 

14.4 

13.2 

13.2 

16.8 


12.6 

13.2 

Lowest normal limit 

42.0 

42.0 

10,8 

10.8 

9.0 

9.0 

13.8 

13.8 

10.8 

10.8 

15.0 

15.0 

13.2 

13.2 


•Some subjective improvement. 


Table VI shows the results of patients of this group. The impairment of 
the recognition of the second and third flickers is more pronounced in Cases 
34 to 36 than in Cases 37 to 41, ivhich fact appears to agree with the clinical 
history. In Cases 39, 40, and 41 an organic lesion was not considered likely- 
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I'he injury, wliich Patients 39 aiu! -10 had sustained tu'o and three years prior 
to the examination, was so slight that it could hardly account for the com- 
plaints, so that we did not feel that these cases should be placed in Group III 
(head injui*ies). In C^asc 38 all values were witliin the 2 io 2 ’ 2 nal i’a 22 ge, a 2 id the 
only deviation was a significant difference between the left and right eyes. 
The same was true for Patient 39 after recovery from an epileptic attack. Tlie 
second examination, performed a few weeks after the attack, revealed an 
increase of the range of the second and third flickers and a diminution of the 
difference between the right and left eyes, compared to the first examination 
performed a few days after the attack. In tins patient, the first flicker was 
normal and almost equal for both eyes, in spite of the different visual acuity. 
Ill general, the deviations of this group are less proiioiniced than those of 
Groups I to IV with definite brain pathology. However, Cases 4 and 6 be- 
longed to the group of patients without definite diagnosis until more definite 
findings appeared. Systematic observations of cases without definite diagnosis 
will help to evaluate tlie clinical importance of this procedure. 


Table VII 

SoifAfABV OP Results 





I .SECOND AM) THIRD 

FLICKERS 1 

NO 1 

SIGNIFICANT DIFFER- 

OROUP 

1 

TOTAL 

1 XVMBEB 
OP CASES 

FIK.ST 

FLlCKCn 

DECREASE 

ABOLI- 
TION OR ' 
PRO- 
NOUNCED 
REDUC- 
TION 

SLIGHT 

REDUC- 

CHANGES 
OR NEAR 
THE 
LOWEST 

BNCES BETWEEN 

RIGHT AND LEFT 

EYE FLICKER 




TION 

NORMAL 

Ll.MIT 

FIRST j 

SECOND 

AND 

THIRD 

Brain Tumor 

(i 

! 3 

5 

1 

0 

3 1 

4 

Parkinson’s Disoase 

5 

1 1 

4 

1 

0 1 

2 1 

3 

Head Injur}* 

17 

0 

13 

2 


10 

9 

.Miscellaneous Disorders 

5 

2 1 

5 

0 

0 1 

1 

1 

Total 

33 

15 

( 45 . 5 %) 1 

(82%) 

4 1 

(12%) 1 

(s.r%) 1 

16 1 
(43.5%) 1 

17 

(51.5%) 


DISCUSSION 

Table VII shows the summary of result.s in 33 patients with definite brain 
patliology (Groups I to IV). Twenty-seven or 82 per cent show aliolition or 
pronounced reduction on one or both eyes. In 31 or 94 per cent the values are 
lower than the lowest normal limit. The error, comijuted according to the 

formula a/- ? - * - where p, per cent = 100 - Pi per cent 

n 

(Poll‘d), is 4.144. Since statistical reliability is regarded to lip three times this 
value, it can be predicted tliat the range of the second and third flickers will 
be below the lowest normal limit between 81 apd 100 per cent of patients with 
definite brain pathology. Therefore, examination of tlie second and third 
flickers may contribute additional information to the clinical data, which are 
often not conclusive. This seems especially true for patients with postcon- 
cussion syndrome (Group III). The fact that most cases with organic lesions 
exhibit a reduction of the second and third flickers does not exclude serious 
functional disturbances, such as epileptic attacks, as the cause of a similar 
reduction, as for example, Case 39. On the other hand, every lesion of the 
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brain need not cause iiupairmenl o£ the recognition o£ the second and third 
flickers. The nature and location of the lesion, and to a certain degree indi- 
vidual reaction of the patient, undoubtedly are important determining factors. 

The second and third flickers are abolished earliest at 50 per cent relative 
flash duration. Twenty-seven out of 33 patients could not see the second and 
third flickers with one or both eyes. At 17.5 per cent flash duration, 14 pa- 
tients (Cases 3, 6, 7, 13, 14, 15, 16, 18, 22, 25, 26, 31, 32, and 33) were not able 
to see the second and third fliekei’s with one or both eyes. AYith the Neon 
arrangement, where the second and third flickers are most manifest, its recog- 
nition was abolished in two patients only (3 and 18). Thus, the degree of 
impairment in the recognition of the second and third flickers can be investi- 
gated by comparison of the three dift'erent arrangements. 

In five cases (1, 8, 12, 16, and 28) clinical improvement was accompanied 
by an improved ability to recognize the second and third flickers. 

The fusion frequency of the fii-st flicker was decreased in only 15 out of 33 
patients (45.5 per cent) on one or both eyes. In all these patients the recog- 
nition of the second and third flickers was aboli.shed or markedly reduced. 
But in the other patients with definite brain pathology the second and third 
flickers were reduced in spite of normal values of the first flicker, with the 
exception of Cases 21 and 28, who had values within the normal range. In the 
eight patients without definite diagnosis (Group V) the fusion frequency of 
the first flicker was decreased only in case 34. It appears that the perception 
of the second and third flickers is more sensitive to brain lesions than the first 
flicker. In Patients 10, 16, 17, and 30 high normal values of the first flicker 
are associated with marked reduction of the second and third flickers. This 
suggests that the perception of the second and third flickers might be due to- 
processes other than the perception of the first flicker. This is supported by 
the response to increase of light intensity, Avhich always produces over a wide 
range of intensities (such as used in our experiments) an increase of the first 
fusion frequency in normals as well as in patients, while it fails to increase 
the range of the second and third flickers. 

In 17 of 33 patients with definite brain lesions there were significant dif- 
ferences of the range of the second and third flickers between the right and 
left eyes. Comparison with the clinical data show that cerebral lesions, if 
localized on one side, usually decrease the function of the visual center of the 
opposite side, although to a lesser degree than the depression of the center 
on the same side. It appears that there is a general disturbance of cerebral 
functions associated^ with local cerebral lesions. This general effect disap- 
peared with improvement of the condition of Patient 1 after x-ray therapy. 
As a rule the reduction of the range of the second or third flickers was more 
pronounced on the side opposite the cerebral lesion, except for some eases with 
frontal lobe lesions. This would agree with Elsberg and Spotnitz’^ observa- 
tions, made by means of another visual method (refractory period of adaptation). 

While further investigations of the nature of the second and third flickers 
are desirable, the clinical importance of this phenomenon can only be demon- 
strated by comparison of normal subjects with patients in standard conditions. 
The accuracy with which the phenomenon can be reproduced depends : (1) 



UNZliK Lt .\L. : l-UCKHI! KE-YPPEARAKCE AT HIGH FLASH FHEQnENCY 73 


the reproduction of size of area illuminated, (2) surrounding illumination, (3) 
illumination of the test patch, (4) relative duration of flashes, and (5) con- 
stancy of the cycles of the alternating current. Reproduction of conditions 
(1) to (4) is e,Tsy ; the data arc given in this paper. A deviation of the inten- 
sity of illumination of ±20 per cent would not influence the results. We have 
inquired at the Wisconsin Electric Power Company in regard to the constancy 
of the cycles of the alternating current. They report that the variation from 
GO cycles does not exceed a few hundredths of one per cent in Milwaukee as 
well as ill other cities of this country using CO eycles -4.C. The same phenemo- 
nou could he olitaiued also with any other frequency of cycles, hut in this case 
new normal standards would be neee.ssary. The u.sc of the same type of electric 
bulb (25 watt JIazda), which can be regarded as standardized, is also im- 
portant. 


.SU.MMAItY 


When using alternating eiiiTcnt and increasing the frequency of light 
flashes in a rotator arrangement beyond the fusion frequency of the first 
flicker, a second flicker appears at a higher frequency and, after its disappear- 
ance, a third flicker aiipears at a yet higher freipicncy. It is an objective 
phenomenon, for it can be photographed. It Is due to interference of light 
flashes with fluctuations of luminosity. In 31 of 33 patients with cerebral 
lesions the recognition of the second and third flickers was abolished or greatly 
reduced ns conqiared with the lowest limit of 25 normal subjects. In two pa- 
tients the reduction of the second and third flickers was noted before any other 
indicative neurological findings could be obtained, and in another patient there 
was a marked reduction eight weeks after head injury when the neurological 
findings were considered normal. Clinical improvement in five patients was 
accompanied with improved recognition of the second and third flickers. In- 
vestigation of eight patients with nervous symptoms but without definite diag- 
nosis of cerebral lesion revealed lesser deviations. 


It is a plcasuie to acknowledge our 
surgeon and Professor of Neurosurgeiy fit 
(Attending Neuiologist an<l Assistant CHiii 
Medical Scliool) and Dr. M S Fo.\ (Attcndi 


(Attending Neuro- 
" ool). Dr. S. Pollack 

■ arquette University 
. .> _ t .._d most of the cases. 
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QUICK PARAFKIN ]\IETHOD FCR SMALL BIOPSIES® 


Alice E. Slavkix, B.S., New Youk, N. Y. 


O ccasionally there is need for a quick microscopic examination of 
biopsy fragments too minute for satisfactory preparation of frozen sec- 
tions. It has been found that satisfactory paraffin sections may be obtained 
within an hour by the following procedure : 

1. Fix in 4 per cent formalin or in Zenker’s lluid at room temperature for 
ten minutes. After Zenker fixation, wash in several changes of tap water. 

2. Stain in any hematoxylin used routinely for one minute so that the 
pieces may be more readily seen in the block. 

3. Wash in tap water. 

4. Dehydrate in alcohol 80 per cent three minutes; 95 per cent, three 
minutes; absolute, three minutes. Clear in xylol, five minutes. 

5. Transfer to melted paraffin at 56° C. five minutes and a second paraffin 
at 56° C. for five minutes. 

6. Embed in paraffin. 

7. Cut thin sections ; transfer to slides and dry for five to ten minutes at 
50° C. Cool slides. 

8. Staining procedure as usual for paraffin sections. After Zenker fixation 
use Lugol solution as usual. 

If special stains are required, the hematoxylin may be decolorized in 1 
per cent acid alcohol. 


♦From the Depai tment of Bacteriology. New York Post-Graduate Medical Scliool and Hos- 
pital, Columbia University. 

Received for publication, Slay 3, 1943. 
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TIU-: LABOUATORV J)IA({NOSIS OK TUIiEKOULOSIS 


A COSIPARATIVK StITDV OF AKIMAL. INOCULATION' AND iriCROSCOPIC EXAJIIXATION 


^ri-Lvix E. Koon's. USc., M.P.IL.** Giund Korks, N. D. 


TN T1£E past forty years tliere has been a treincnclous decline in tlie death 
* rate from tuberculosis in the United States. In 1904 the National Tuber- 
culosis Assoeiation was formed and since that time much has been accomplished 
by orjjanized elfort to control tuberculosis, ilany factors can account for the 
lowering of the annual incidence of tuberculosis ca.ses: the organization of 
medical men, public health workers, .sanitariums, welfare agencies, etc., and 
the near elimination of tuberculosis in dairy cattle and widespread pasteuri- 
zation of milk in the United States. These things will not be discussed here, 
as we are more interested in the laboratory diagnosis of tuberculosis. 

As tuberculosis has been hroiiglit under better control and cases have be- 
come fewer, its diagnosis is much more likely to be delayed or missed. Certain 
conditions have many .signs and symptoms in common with tuberculosis and 
must be considered in ditferential diagnosis. These include pneumonia, bron- 
chiectasis, pulmonary abscess, neoplasms of tlie lung, pulmonary fibrosis, the 
pneuinoconiosi.s, and tlie more recent virus infections of the ni>per re.sj)iratory 
tract. 

Three well-known and time-te.sted diagno.stie aids are available to assist 
in establishing the diagnosis of tuberculo.sis. These include the tuberculin 
te.st, the x-ray, and the detection of tubercle bacilli in the sputum and body fluids. 

Of the diagno.stie aids available for assistance in establishing the diagnosis 
of tuberculosis, we, in this paper, are only interested in the determination of 
the presence of tubercle baeilli by laboratory methods. The laboratory diag- 
nosis of tuberculous infection involves only the methods that have been de- 
veloped for the identification of the tubercle bacillus. There is also an increasing 
use of the laboratory facilities for determining the infectivity of early and 
convalescent cases. In early tuberculosis tlie finding of the tubercle baeilli 
is the most important and sometimes the only dcei.sive finding in the exami- 
nation of the patient. The aid in diagnosis which the laboratory can furnish 
l)y demonstrating the presence of tubercle bacilli in sputa and body fluids is 
too generally recognized to require emphasis. The most important method of 
laboratory diagnosis in tuberculosis is the finding of the tubercle bacilli in a 
suspected fluid or tissue. 

There are three methods available for the examination of specimens sub- 
mitted to the laboratory for tuberculosis. Tiiey are: (1) microscopic exami- 
nation, (2) cultural methods, and (3) animal inoculation. The comparative 
study presented here deals only with the microscopic examination and animal 
inoculation. 

Presented befoie the North Dakota Academy of Science. April 30. 1043. 

•Director, Division of Laboratories, North Dakota State Department of Health. 

Received for publication. May 3. 1943. 
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The microscopic examination is the original method of demonstrating acid- 
fast bacilli, and even though it has been refined through concentration methods 
and is used routinely in most laboratories it still has its limitations. 

The tubercle bacilli do not stain easily with the ordinary aniline dyes and 
belong to a group of bacteria which is known as “acid-fast,” These organisms 
because of a wax contained in them, stain with difficulty, but once stained the 
dye is retained in spite of treatment with alcohol and strong acids. This acid- 
fast phenomenon has furnished laboratory workers with a basis for differential 
staining. However, microscopic examination alone cannot distinguish between 
tubercle bacilli and other types of acid-fast bacilli, of which there are many. 
Ziehl-Neelsen’s method of staining smeai’s for tubercle bacilli is most generally 
used in all laboratories. 

The direct smear examination is a rough method of screening out the 
obvious positives. It has been estimated that in order to find acid-fast organ- 
isms on a slide there must be 100,000 organisms per c.c. Also one has to con- 
sider errors of the techniciue employed in preparation of smears to be ex- 
amined. However, despite the limitations of the direct smear, it is universally 
used as a satisfactory means of examining routine laboratory specimens for 
evidence of the tubercle bacilli. 

The cultural method will not be discussed here because we have been more 
or less unsuccessful, although more effort is being expended toward improve- 
ment of technique, etc., which we hope will lead to better results. 

During the past few years several culture media have been devised which 
seem to give practical results of high efficiency. In cultural work great care 
should be taken in the collection of the specimens, especially gastric washings 
and urine specimens ; otherwise, the laboratory worker is beset with contami- 
nations. It is hoped that in the near future a comparative study will be pre- 
sented between cultural and animal methods for the detection of tubercle bacilli. 

Animal inoculation continues to be the method of choice in our labora- 
tories. It offers a reliable means for detecting the presence of tubercle bacilli 
in body fluids, especially those where only a few organisms are found. The 
guinea pig is the most popular animal and has been used extensively in the 
past because one can distinguish between pathogenic and nonpathogenic acid- 
fast bacilli. So far no medium has ever entirely equalled guinea pig inocula- 
tion in reliability. The animal inoculation method is time-consuming (at least 
six weeks), costly, and a certain percentage of the animals die before the end 
of the test period from secondary infections. The latter factor seems to be 
the most serious objection to the use of animals. However, as shown in this 
study, by concentration and digestion of the specimen to be examined and 
careful handling of the animals, only a small percentage of the guinea pigs 
injected is lost. Our experience has been unlike that of most laboratory 
workers in this respect ; many reports have shown a loss of from 10 to 20 per 
cent of inoculated animals from intereurrent infection, but, as shown later, 
our loss in this series has been only 2.5 per cent. 

SPECIMENS 

The specimens used in this study’’ were submitted by physicians in North 
Dakota and in all instances animal inoculation was requested. However, the 
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specimens Avere examined microseoi)icaIly as uell as by guinea pig injection. 
The majority of the specimens was received in sterile containers sent out from 
the laboratory; those not shipped in our containers were sent in in almost any 
type of miscellaneous container. At no time was any of the specimens more 
than forty-eight hours in tran.sit, and they were examined microscopically and 
injected into animals the day the^' were received. 

All specimens of sinita, plouj*al fluid, pus and gastric washings were con- 
centrated and digested before being examined. Specimens of spinal fluid, 
hydrocele fluid, and urine ■were centrifuged in a high speed angle centrifuge 
for thirty minutes, after which the supernatant fluid was poured off and the 
sediment used for examination. 


COXCENTRATIOX 

As noted above, all specimens except urine and spinal fluids were sub- 
jected to concentration and digestion. Before examination, each specimen was 
treated as follows: Equal parts of the .specimen and 4 per cent aqueous solu- 
tion of sodium hydroxide were placed in a wide mouth stoppered liottic. The 
mixture ^^'as then shaken vigorously until homogeneous, placed in a 37® C. 
incubator for thirty minutes, and shaken at least three times during the incu- 
bation period. The specimen wa.s then centrifuged at high speed (approxi- 
mately 2,500 revolutions per minute) for thirty minutes, after which the super- 
natant fluid was poured off. A few drops of an indicator (0.04 per cent brom 
thymol blue) wore added and mixed. The mixture was then neutralized by 
adding drop by drop one per cent HCl. As soon as specimen had been neu- 
tralized, it was ready for examination. 


Tabix I 

Total SrcciiiCNS E.XAiriXED JIicroscopicallv fob Tubercle Bacilli 


SPECIMEN 1 

POSITIVE 

NEGATIVE 

TOTAL 

PER CENT 
POSITIVE 

Sputa 

10 

86 

96 

10.4 

Pleural Fluid 

4 

134 

138 

2.9 

Spinal Fluid 

1 

42 

43 1 

2.3 

Urine 

13 

161 

174 

7.4 

Gastric Washings 

8 

96 

104 

7.7 

!MiscclIancou.s 


33 

35 

— 

Total 

3G 

334 

son 

1 6.1 


MICBOSCOl’IC EXA3IIXATIO.N’ 

Smears were made from the sediment after digestion and concentration of 
the specimen. New slides were always used in making preparations. Fairly 
thick smears were made in most instances where there was sufficient sediment. 
Smears were prepared in the usual manner and stained by Ziehl-Neelsen’s 
method. All smears were examined under the oil immersion lens of a binocular 
microscope, with -wide field oculars, an average of fifteen minutes being spent 
on each slide. 

Table I shows the result of the microscopic examination on 590 specimens. 
It will be noted that in 36 instances acid-fast bacilli were found; this was 6.1 
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per cent of the total mimber of examinations. It is interesting to note that 
the highest percentage (10.4 per cent) of po.sitives was found in the sputum 
specimens and the lowest percentage (2.3 per cent), in spinal fluid, although 
in the miscellaneous specimens (pus, hydrocele fluid, etc.) no acid-fast bacilli 
were observed in the 35 cases. 

ANIAIAL INOCULATION 

After smears were made from the sediment, approximately 2 c.c. of sterile 
normal saline were added to the remaining sediment; this was shaken vigor- 
ously and then the total amount was used for inoculation. Each animal was 
injected subcutaneously in the inguinal region. All animals Avere placed in 
individual cages for a test period of not more than six Aveeks. (Note later 
under “Care of Animals.”) 

T'abi.k it 


Total Specimens Examined for Tubercle Bacilli by Animal Inocul.vtion 


specimen I 

I'OSITIVE 1 

negative 

rXSATIS- 

KACTOHY 

TOTAL 1 

1 

PEE CENT 
POSITIVE 

PER CENT 
UNS.vris- 
factort 

Sputa 

15 

80 

1 

mjjM nH 

15.0 

1.0 

Pleural Fluid 

43 

93 

2 


31.1 

1.4 

Spinal Fluid 

14 

2!) 



32.5 


Urine 

22 

140 

0 

174 i 

12.0 

3.4 

Gastric. Washings 

30 

09 

5 

104 

2S.8 

4.8 

Miscellaneous 

5 

29 ! 

1 

35 

14.2 

2.8 

Total 

129 

440 

15* 

590 

21.8 

2.5 


“Animals died before the usual six weeks’ test period ; reported as unsatisfactory ; nilcrO' 
seopic examination nasatlve in all Instances. 


Table II shoAvs the results of the animal inoculation on the same 590 
specimens as listed in Table I for microscopic examination. A total of 129 
cases, or 21.8 per cent of the guinea pigs, Avere found to be positive. The 
highest percentage (32.5 per cent) of positives aviis obtained Avith spinal fluid 
specimens, and the loAvest (12.6 per cent), Avith urine specimens. In 15. in- 
stances, or 2.5 per cent of the total number of animals inoculated, results 
Avere unsatisfactory. In all of these eases the animals died from one to three 
Aveeks after injection. All animals Avere autopsied and death accounted for 
from intereurrent infection, ilieroscopic findings Avere negative in all 15 
specimens used for inoculation. Premature mortality in only 2.5 per cent of 
the total cases does not seem to be a A'ery high incidence of unsatisfactory 
cases. 

Table III sIioavs the results obtained on the specimens by both the micro- 
scopic examination and animal inoculation. As noted, the total number of 
positives obtained by both methods Avas 142, or 24.0 per cent of the total. By 
the microscopic examination, 36 cases, or 6.1 per cent, Avere positive, and by 
animal inoculation, 129 eases, or 21.8 per cent, Avere positive. 

This means that by animal inoculation Ave Avere able to pick up 93 more 
cases (15.7 per cent) than by microscopic examination or a combination of 
the two methods. One can readily see that those fluids Avhich are exceedingly 
difficult to examine microscopically gaA^e a significantly higher number of posi- 
tives through animal injection ; i.e., on pleural fluids Ave had 43 positives Avith 
inoculation and only 4 positives microscopically ; on spinal fluid, 14 positives 






















KOOXS: L\DO»ATOKY DIAOXaSlS or TUBERCULOSIS 


79 


witli inouulntiou anil 1 pn.sitivo iiiicroscoijjcally ; on gastric washings, 30 posi- 
tives with inoculation and only 8 positives microscopically, 

COMUARISON* or METHODS 

Table I\ shows (*0114)1010 asrocincnt and disagrcenient between the two 
methods on the speciinons. It Mill bo noted that in only 23 instances M'as 
there t‘omplete agroomoni botM-een the 1 m o methods as far as positive results 
are concerned. 1'his is only 4 per cent of the total number of specimens 
examined. There M-as complete negative agreement in 433, or 75.3 per cent, 
of the cases. Interesting to note is the fact that in 106 eases, or 18.4 per cent, 
there M'as complete disagreement; the uucroscojjic examination was negative 
and the guinea pig. positive. This is the mo.st .significant fact shoMui by this 
.study. In only 13 eases, or 2 3 per cent. M'ore microscopic findings positive and 
the guinea pig negative. These 13 eases weie accounted for as follo^Ys: 


tahlk m 

Total Si'LciMr.NS Exvmin'eu Micuos('oi*iCAt.L\ .vxe uv Aximal Ixoculation 

FOR TfDKKCi.E Bvcnrj 


.SPEClMEX 

TOTAL 

Nti 

TOTVL 

POSITIVE 

A.SV 

MITiloB 

PER CEKT 
POSITIVE 

AKIMAL 

■BIEBnail 

PO.SITlVE 

PCR CBKT 
POSITIVE 

I’O.SITlVE 

I’ER CENT 
PORITWE 

Sputa 


20 

20 8 

Jo 

15.G 

10 

10.4 

Pleural Fluid 

13S 

44 

31.8 

43 

31.1 

4 

2.0 

Spinal Fluid 

4.4 

14 

.32.5 

14 

32.5 

1 

2.3 

Urine 

174 

27 

I5 .5 

22 

12.6 

13 

7.4 

Gastric Wnsliiims 

104 

32 

.30.7 


28..S 

8 

7.7 

Miscellaneous 

35 

5 

14.2 

5 

14.2 

— 


Total 

590 

142 

24 0 

129 

21.8 

3G 

6.1 


Table IV 

CoMr.uii.so.v OF JIiCKO.S( one B-vami.vatio.v axo A.vr-VfAL Test o.v Si’ecimcxs 

FOR Tl'BERri'LOSIS 


EXAIIINATIO.V 


TYPE OF SPEClMEK 



.SI’L’TA 

TRINE 

1 

1 I'LBTRAL 

GASTRIC 

MISCELL- 

j TOTAL 


1 fltid 

AV.lSIL 

ANEOUS 




NO. 










Microscopic Guinea Pig 

NO 

CENT 

CENT 


('E.NT 


CENT 

NO. 

CENT 


CENT 

Complete Apreement \ 





92 








' Negative-Negative 

75 

78.9 1 

141 

84.0 

07.0 

67 1 

07.7 

58 1 

75.4 1 

433 

75 3 

Positiie-Positiie | 

5 , 

5..3 

^ 1 

4.7 

3 

2.2 

' 0 

G.l 

1 

1.2 

23 

4.0 





S3 7 

95 

09.8 

73 

CO 

59 

76.0 

456 

79.3 





8.3 

40 

29.5 

24 

^ 24 2 

18 

23.4 

1 

106 

18.4 




, 

r - 

1 3.0 

1 

0.7 

0 

' 2.0 



1,3 

2.3 

Total 

15 

1 15 8 

, 19 

11-3 

41 

.30.2 

20 

26,2 

18 

23.4 

119 

20.7 

Grand Total 

95 1 


168 


1 130 


D9 


77 


575* 



•Fifteen anuiidls tlicil before completion of test period (not included m total). 


There were 5 urine specimens, 5 sputvim specimens, 2 gastric washings, and 
1 plenral fluid. The urines M'ere not catheterized .specimens, and one has to 
consider that the aeid-fast organisms observed mici-oscopically could have been 
nonpathogeiiic In the other specimens the organisms could have hcen ren- 
dered uiiviable during digestion and concentration, or they may have died in 
transit. No attempt is being made here to give an explanation of M'liy these 
eases M'cre missed through animal inoculation for no definite proof could bo 
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obtained, inasmuch as all specimens had been discarded before the animals 
were killed. We have, howevei', mentioned several factors which could have 
been involved. 


CARE OF ANIMALS 

The proper eare of animals used for isolation of tubercle bacilli is im- 
portant. The guinea pigs used in this study were of no particular strain; 
only healthy animals weighing between 250 to 300 Gm. were injected. Each 
animal was placed in an individual cage with a removable tray at the bottom 
which tends to keep the cage clean at all times. The animal" room is warm 
and bright with sunshine approximately five hours a day. Each animal is fed 
and watered every morning, the usual food being “Purina Complete Kation 
Checkers,” supplemented with hay, carrots, and greens when obtainable. Each 
cage is clearly marked as to date of inoculation and date due for autopsy: 
at the completion of each test period the animal cages are thoroughly cleaned 
and sterilized before a new animal is placed in them. At the end of the six 
weeks’ test period, if the animal has not died previously, it is autopsied and 
examined for typical tuberculosis findings. Smears are generally made to con- 
firm diagnosis except in the most frank eases. 

CONCLUSIONS 

1. In the routine examination of specimens for evidence of tubercle bacilli, 
microscopic examination should be supplemented by animal inoculation. 

2. Specimens for detection of tubercle bacilli should be examined routinely 
by at least two methods. 

3. In the 590 cases examined for the detection of tiibercle bacilli, animal 
inoculation proved to be far superior to the microscopic examination. 

4. A certain percentage of “positives” will be missed by any type of ex- 
amination when a comparative study is made. 



AN ADHESIVE NONDRYING ELECTRODE PASTE 


William J. Turner, D., and Charles S. Roberts, JI.A., Northport, N. Y. 


A TI^IE-CONSU^lINif measure in elcctroeiiceplialograpliy, as well as a 
frequent source of artifact, is tlie application of electrodes to the scalp, 
Gibbs and Gibbs* state that "no one should consider himself trained in this 
procedure until he has applied at least 300 electrodes. An expert will not have 
to replace one electrode in 50." During a recent course which was conducted 
at this Facility, it became imperative to enable an inexpert pereon to apply 
electrodes with ease and assurance. It seemed to us that an improved paste 
miglit be of value in this regard. 

We thought a desirable paste should be uondrying and adhesive. Although 
perfect adhesiveness has not yet been achieved, we have settled on the following 
formula for a tacky paste which does retain its moisture indefinitely: 

Bentonite, 200 meslt, 100 Gm. 

Saturated solution of calcium cliloride, 

85 c.c. 

This is simply mixed into a paste and tranferred to a suitable container. 
Wo have kept this paste in an oiien jar for several months and found that only 
a few drops of water were then required in order that it regain maximum 
stickiness. We apply a thin layer to an electrode which has been corrugated on 
one surface. (We prepare our electrodes liy melting a small ball of rosin-eorc 
solder about the coiled end of a line copper wire, and by pressing on the molten 
ball fiimly and quicldy with a nail file.) Tlie electrode is applied in the 
usual manner. Where the hair is too short, the electrode is held in contact witli 
the scalp by a hard wax pencil. A few drops of 3 per cent collodion in acetone- 
ether are applied over the electrode and dried rapidly by an air blower. 

With this paste a wholly inexperienced person is able to apply 8 electrodes 
in fifteen minutes with complete assurance. Approximately 160 electroenceph- 
alograph examinations have been perfonned, using this paste, without the 
occurrence of a single electrode artifact. Comparisons with the usual electrode 
paste tracings reveal no significant differences in the record. Electrodes have 
been left on for hours without evidence of drying out of the paste. 

reference 

I. Gibbs, F. A., and Gibbs, E. L.: Atlas of Electroencephalography, Cambridge, Hass., 
1941, Lew A. Cummings Co. 


•From the Neuropsychiatric Research 111111, Veterans Administration Facility. 

Research Paper No. 6, Neuropsycluatnc Research Unit. Veterans Administration, North- 
port. New York. Published with the permission of the Medical Director of the Veterans Admin- 
istration who assumes no responsibility for the views expressed herein. 
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DAEK-FlKl.l) niAGNOSIrt OF PFNILE LESIONS'* 


Differential JIotii.ity CHAKACTEKisaTC.s of Tkefonejia PALiiiouJi 


]Majok Eeuben Caufai, IM.C., V. S. Army 


T he earliest jiossible diagnosis o£ syphilis by the several laboratory pro- 
cedures invariably points to a first choice of the dark-field procedure. Even 
with the advent of the more sensitive scrologie tests, comparative data disclose 
the highest percentage of positives are obtained with dark-field examination. 
MeNabb, Matthews, and ^IcClure’ found 72 per cent positive by dark field com- 
pared with 64 per cent by multiiile sen.sitive llocculation tc.sts, with stained 
smear diagnosis ranking third with 59 j)er cent positive. In seronegative cases 
they found 94 per cent positives by dark field. 

Corollary tests or procedures to supplement the dark-field method, because 
of unfamiliarity with its teclmiciue, have been suggested. McDaniels- considered 
the value of serologic study of Iluid aspirated from lesions but admitted the 
difficulties attendant on consistently obtaining suitable material. In a compara- 
tive study of dark-field examinations with the nigrosin stain, Nagle and GrauP 
found seemingly close correlation. Here again variable factors inherent in the 
study of smears obtain, such as distortion by drying, pseudospiral organic 
matter, etc. ; these are common to all types of stain ])rcparations. In this 
connection, we are in agreement with CasselmaiF that none of the various 
staining methods, silver impregnations, aniline dyes, or contrast backgrounds of 
the India Ink type should supplant the dark-field test. No other procedure can 
yield such itemized criteria as does dark-field study of the living syphilis organ- 
ism. What difficulties and errors in diagnosis attend dark-field studies can 
be laid at the door of unfamiliarity with characteristic motility and morphology. 
Stokes'' has rightly ciuestioned the desirability of placing dark-field apparatus 
in the hands of the untrained or inexperienced laboratory worker. As he states, 
“after seeing some of what purports to be treponema pallidum in current mov- 
ing pictures, one begins to wonder whether the only real one is that observed by 
darkfield from lymph nodes and from .'■■craped papules on the glabrous skin in 
undoubted secondary and recurrent eruption. ’ ’ It is our purpose to describe in 
fullest detail the dark-field features of Trcpon^mn paUidum. Sustained observa- 
tion of the spirochetes has disclosed a very broad range of motility charaetori.s- 
tics. Available texts do not describe these in sufficient detail. 

material and method 

We have had the opportunity of studying early lesions in a military hospital 
where optimum conditions for sustained case studies existed. Repeat and follow- 
up checks were complied with uniformly. Kahn and Wassermann tests and 
smears stained by a wide range of indicated stains were routinely made. It was 
always kept in mind, however, that these procedures were never more than cor- 
roborative. 

•Fioni the Station Hospital, Camp Cooke, California. 

Received for publication, June 17, 1D43. 
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Jlany of tlic ijoiiilc lesions wci’c even too early to be suitable for dark-field 
examination. Patients have i‘e])orted to the laboratory within one to three days 
following the apiiearanee of minor .sores or “pimples” of 1 to 2 mm. diameter. 
Tlie first appreciable scrum obtainable after daily attcmiits presumably con- 
tained the earliest organi.sm.s with the attendant vigor of a young growth, 
ilotility here would be at it.s optimum for stud.v. Inhibition of the .several forms 
of motility would be at its minimum. With such highly suitable material, the 
highest possililc efficiency in dark-field diagnosis is rcaelicd, i.e., well within the 
first two weelis of the primary lesion. 

One hundred consecutive ca.scs of penile lesions were examined in a six 
months’ period, l-l of nhieli were positive for syphilitic spiroeliaeta. Dark-ficid 
search was made on all lesions and re))cated daily or on alternate days for a 
series of four e.xaminations on the individual patient before reporting negatives. 
The interval of one or two days was based on the appearance and size of the 
lesion. Those of greater extent were olrserved over six to eight days. In a few 
eases, small nonspeeifie lesions or superficial ulcerations healed within two or 
three days, terminating further laboratory examinations. None of these latter 
sores were ever found positive for tlie syphilis organism. 

Several cautions in davk-field procedure were constantly observed to reduce 
the fallibility of various factors; 

1. I'/ie Location, Character, and Size of the Lesion (or Lesions ). — These 
were studied for suggestive clinical feafnre.s. It cannot be emphasized too 
strongly tliat tlio le.sion nia.y or may not conform to the classical description of 
the hard chanere. Eisendratli and Rolnick” list seven forms of syphilitic chancre. 
They point out how often any apparently simple lesion proves to bo a primary 
one. SVe are in accord witli Brown' and, more particularly, Branch,® ivho have 
stressed the Irciiucnt ab.sonce of typical features of the syphilitic chancre — the 
hardness, painlessness, and swelling of inguinal node,?. In a high proportion of 
cases we have found lesions ranging from shallow, soft minimal ulcerations 
(quasi abrasions) to multiple broad neei-otic sloughs, in all of whieh'tho presence 
of painlessness or induration was di.sconcerting]y inconstant. Jfany lesions were 
so fully infected, covered witli pns or tenaeioii.s sliaggy fibrin, as to render collec- 
tion of serum diffienlt. We observed two lesions which were essentially deep- 
seated abscesses with ero.sion and miitnre llirongli small skin perforations, from 
which considerable inspi.xsafed pus could be expres.sed. Surprisingly, one of 
these was positive for Treponema pallitliini with a simultaneous 3 plus Kahn. 
That this .secondary suppuration in sufficiently frequent and can interfere with 
dark-flcld examination is attested to by various attempts to obviate this diffi- 
culty. Friedman’ has recently devised a method for proper preparation of this 
typo lesion following proccdnro.s suggested by earlier authors. 

Two lesions consisted of nothing more than a diffusely hyperemie, moist 
glans penis with apparent denudation of largo areas and no recognizable focal 
ulceration. A free flow’ of serum was positive in both cases. A case of erosive 
balanitis due to Vincent’s infection was eueountered, of tUa type discussed by 
Sladdeu.” It is desirable but not essential to remove the interfering pus cells 
from the serum. The feature of interfering bleeding and blood contamination 
again was observed to bear no constant relation to the character of the lesion. 
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The older, characteristic, true chancre witlistood cleansing manipulation more 
readily without appreciable bleeding but tliis was by no means invariable. 

2. Efficien-cy of Collection of Material . — Two much care cannot lie exercised 
to insure, first, a clear serum. Secondly, as copious an amount (or flow) of 
serum as possible should be obtained. This is especially important in the early 
or small lesion or in a nearlj’^ healed lesion examined for the first time. Thirdly, 
serum should be collected by a capillary tube as near as is possible to the depths 
of the lesion, in preference to fluid obtained from the walls or edges of an exist- 
ing crater. After the usual sponging and direct cleansing of the lesion with 
saline-soaked cotton, repeated once or more if bleeding or pus exudes, the lesion 
is wiped dry and readied for collection of serum. Direct squeezing, expre.ssion, 
or suction bulb manipulations of the lesion were found unsatisfactory, as bleed- 
ing occurred too often. The most efficient method was to induce marked venous 
congestion just proximal to the lesion, maintained continuously for as long as five 
minutes by an annular grasp by the operator’s thumb and forefinger. The con- 
stricted end of the penis assumes a dusky red or even cyanotic, hue. The stasis 
of the organ around the chancre usually induces a ready flow of serum. The 
serum maj^ flow copiously even after the release of constriction. Bleeding is 
minimized since no direct trauma or drastic suction is exerted on the raw, ex- 
posed surface. Little or no tissue particles, or pus or fibrin, usually liber- 
ated by direct squeezing, will be mixed with the serum. 

3. Efficiency of Dark-field Examination. — (a) Equipment. — The several 
makes of dark-field apparatus available are all efficient. There is some advantage 
to those equipped with a substage 6 to 8 volt lamp. In addition to the optically 
fixed light source the moderate amount of heat generated warms the slides suf- 
ficiently to enhance or maintain motility of microorganisms. 

(b) Darkness of Field and Amount of Fluid. — The thickness of the fluid 
layer examined will affect the darkness of the field. The thicker the layer, 
the blacker the background. Undue pressure as by raising the substage con- 
denser too much will tend to render the fluid dark-brown, lowering contrast of 
the illuminated suspended objects. In addition, too much fluid causes discon- 
certing currents when focusing, because if the coverslip “floats,” vertical mo- 
tion of the objective in focusing will depress or release the coverslip. As the 
fluid dries out or changes temperature, convection currents arise and a too rapid 
flow of fluid across the oil immersion field occui's. The organisms studied will 
have to be “chased after” by moving the mechanical stage too rapidly. The 
serum drop should just reach to the margins of the coverslip. Drying may he 
retarded by vaseline — ringing the edges if prolonged observation is also needed. 
An overflow along the coverslip edges with too much serum will cause these 
rapid currents. Too large a drop with a greater depth of the fluid allows the 
organism to move vertically or “dive” too quickly out of focus. The spirochete 
will be viewed end on instead of laterally; coil arrangement and motility are 
rendered difficult to determine. At the other extreme, too small a drop in 1^'® 
center of the coverslip preparation gives too shallow a fluid laj'er, which, drying 
rapidly, cuts short the useful period of dark-field observation. 

(c) Interfering Factors . — Pus cells, glass scratches, and red cells generall} 
are so highly refractile that a blinding glare results. Visual accommodation for 
spirochetal outlines is rendered difficult. The effect is comparable to the situa- 
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tioii in driving a car at niglit. One knows how hard it is to concentrate on 
dimmer objects along a roadside in the same field of view as an oncoming car’s 
blinding headlights. The importance of obtaining as clear a serum as possible 
is readily understood. 

(d) Artefacts Simulating Spirochetes . — Glass scratches even on new slides 
or coverslips of good quality will occasionally have a quasi-spiral appearance. 
Their obvious nonmotility and inconstancy in size rules them out quickly. Bac^ 
terial forms, such as a granular more or less bent rod, will impart a false spiral 
outline. A short streptococcus chain will give a row of refraetile points. AVith 
active Brownian movement and possibly an annoying current, definitive focusing 
may be difilcult to maintain. Brim’s could arise in this manner. 

Our findings in 100 patients with penile lesion may be tabulated as follows: 


Table I 

Penile Lesions Positive eop. Spwocuetes 


C.VSE NO. 

TIL P.VI.LIDUif 

B. REKHINOENS 

SP. pUAr.EDENLS 

VINCENTS* 

simrocuetes 

1 

1 




o 

1 




3 

1 




4 

1 




5 

1 




a 

1 




s 

1 




0 

1 




10 

1 




11* 

1 




12* 

I 





1 

1 



U 

1 

1 



Ij 


1 



111 


1 



17 


1 



IS 


I 

1 

1 

1!) 



1 


20 



U 


Total 

14 

0 


1 


•Double or "Kissing” lesions, both positKe for Tr. pallulum. 

tPosslble microdentluni, found in one of five daily examinations on the same case. 


Brief mention of tlie several spirochetes may be made. As seen in this tabu- 
lation, infection with two species oecuri'cd three times, twice w'ith the pallidum, 
once with two nonspecific spirochetes. One small delicate organism listed as a 
possible microdentium was seen; follow-up clinical and serologic studies ruled 
out syphilis in this case. Branch® found a ratio of 40 syphilitic spiroclietes to 
11 nonspecific spirochetes. Our ratio of 14 pallida to 10 nonspecific organisms 
is higher. Our series is too small to draw statistical comparison. 

motility CHARACTERLSTICS of tr. P.VLLIDUil 

In textual descriptions of the several spirochaeta, physical characteristics 
of movement and shape have been loosely combined. They can be separated as 
they can be demonstrated to be independent of one another. Locomotion or pro- 
gression is one form. The otlicr form is related to changes in shape or outline. 

The following discussion is concerned chiefly with the specific spirochete of 
syphilis. It is felt that thorough familiarity with the ph 3 -sical behavior of this 
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organisms will facilitate differentiation from other genital spirocliaeta. Since 
differential tabulations of several nonspecific species are available in the de- 
tailed review by Eosebuiy^^ and elsewhere,’^ only pertinent reference to 
distinctions among penile spirochaetae will be made. 

Consideration of the physical behavior of the spirochetes will be greatly 
clarified by comparison with that of a steel coiled spring of a quality and elas- 
ticity encountered in precision instruments. This example instead of the “cork- 
screw" description is preferable. A spring can be changed in shape, not so a 
corkscrew. Keeping in mind the coil spring structure, the side illumination of 
the dark-field does not light up uniformly each loop of the spiral. The light 
generally seems to strike on the front or nearer lateral half of coils. The effect 
is very often a series of bright commas or parenthesis marks. The usual descrip' 
tion of a “series of dots’’ is less accurate. Constant focusing is necessary to de- 
lineate the faint posterior semicircles connecting these commas. Stitt'^ points 
out that this “beaded’’ effect is seen when the organism is at rest, the spiral 
structure revealed only when it is in motion. A nonmotile spirochete could be 
missed on this basis. 








Fig. 1. — Common penile spirocliaetes in the dark field. A, red Wood cells ; B, Treponema palli- 
dum; C, Borrelia refringens ; D, SpirocUaeta phagcdenis. 


MOTILITY FORMS OF TREPONEMA PALLIDUM 

A. Motility of Locomotion . — True motility is herewith defined as any mO' 
tion which changes the spatial relation of the organism to a fixed point in the 
field’ of view, i.e., any swimming or traveling motion. There are two types of 
locomotion : 

1. Rotation . — This is moderately rapid, on an imaginary longitudinal axis 
of the spiral and clockwise or counterclockwise. Maximum speed or rate, of 
rotation of pallidum never reaches the velocity of the refringens or phagedenis. 
Eotation may be sluggish, or leisurely. It may be absent in a dying organism 
or in lesions after one or two days of antiluetic systemic or local therapy. It 
of course most rapid in early lesions. 

2. Propulsion . — This implies forward or backward axial motility of the 
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length of llie spiral and has been termed “translation” by Rosebury. Other 
terms are: progression, forward (or backward) movement. In the case of 
Trciioiiona iiuUidum, the motion of active rotation, usually predominant, may 
give an illusion of exaggerated propulsion. Generally speaking, little removal 
of the spiral from one spatial point to another occurs. If it does, it is un- 
usually slow, intermittent, and just as often reversible. (Fluid currents carry- 
ing the organism out of the field will give a false impression of propulsion.) 
A rapid or slow forward or backward “darting” movement is best seen in the rc- 
fringens or iihagedenis organisms, sometimes necessitating chasing the organ- 
ism from one field to another. This will never be the ease with pallidum. The 
(lucen of spirochetes has appropriately only a stately and unhurried travel, is 
never fitful or spasmodic in its motion. 







2. — Ti'cjjoncmrt iJaHtdiuu — niotilUy of loconiollon. A, progression; Bj rotation. (See text.) 


B. Jlotilitij of Chaiiijc in Prolonged observation of the several 

spirochetes impresses one strongly that the Spirochacta pollida has almost un- 
limited scope in changing its outline. None of the other penile spirochetes has 
the protean forms in the literal sense of the term ‘ ' protean. ' ’ These changes in 
form can bo listed as (1) flexion or angulation, (2) “buckling” or distortion of 
its coils, (3) undulation or fluctuation of the coils, (I) compression of its coils, 
(5) expansion of its coils, (G) looping. In general, the subtypes of movement 
in Group A arc far more prominent in the nonspecific organisms, while the var- 
iations in Group B are more evident in the s.vplulitic organism. 

1. Flexion or Angulation: Of the six types of shape listed, if one had 
to designate any diagnostic motion of the pallida, flexion or angulation could be 
so indicated. This is a constant feature and is present in from 10 to 30 per cent 
of all moving pallida seen. No other spiral form in the dark-field shows the de- 
gree and incidence of this motion. 

The bending or angulation is usually obtuse, but can be acute. The 
point of rotation may be anywhere along the length, usually near the junction 
of thirds. The longer arm is stationary, while the shorter arm sways and 
swings leisurely occasionally assuming momentarily a. V shape. The fulcrum of 
angulation is possibly the point of transverse division in reproduction. Although 
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physical division into two organisms has been searched for diligently in vigorous 
organisms from early, highly infected lesions, only once have we seen it, after 
prolonged observation. 

2. Buckling: This is the kind of shape that reminds one most typically 
of a coil spring being forcibly compressed by end pressure. Some central coils 
will resist this action and spring out of line. The spring is said to buelde. This 
is precisely what seems to occur to the Spu'ochaeta pallida. Buckling is almost 
as frequent a behavior as angulation. It is most characteristic of the pallida, 
but it can be fieetingly observed in the refringens .spiral. Distinction is easy, as 
the buckled coils ui the pallida will remain for seconds at a time. 

3. Undulation: Synonymous terms used by various authors are quiver- 
ing, vibration, fluctuation, (inaccurately) peristalsis. If one bears in mind the 
semirigid character of a coil spring, which can “quiver” if tapped lightly, the 
behavior of the Spirochaeta pallida is better understood. The long axis of the 
organism undulates or fluctuates about a central fulcrum in a manner similar to 
that of a magnetic compass needle on its center bearing. This motion is more 
apparent with the organism in the stage of rest, i.e., when no rotation or angula- 
tion is present. The nonspecific organisms have similar undulatory movements, 
hut there is more suppleness or “spineless” flexibility to the axial body, a good 
differential point. 





iUXSXti / 
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Fig. 3 . — Treponema pallidum — motility of change in shape. .1, angulation; S, buckling; a, 
coil compression; D, coil expansion; S, looping; P, undulation. (See text.) 


4. Compression of the Coils: This action and its corollary, expansion, 
are mentioned in but few of the standard texts. Compression of the coils occurs 
noticeably frequently in the active pallidum, is usually fleeting, and may he 
partial, involving one segment of the organisms. The refringens can also com- 
press its coils, but at a less frequent rate or not at all. In the pallida the length 
between coils will be correspondingly narrower (less than 1 micron). The coils 
may not be regularly spaced as in the resting or rotating phase. It is this motion 
of compression that is commonly called peristalsis or undulation. 

5. Expansion of the Coils: This action is independent of the preceding 
one. The coils are stretched out from a resting state. Compression may or may 
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not liavo preceded tin's ojiposite inovonieiit. ITsiially tli'c coils stay strctclied for a 
longer period, up to several seconds (ef. the split-second duration of the compres- 
sion phase) before a literal “recoil.’* The increase in length of the organism is 
approximately onc-fourth. The refringens and phagedenis organisms behave 
in a similar manner. This aelioii tints cannot he used as a differential point, 
since the frequency of coil e.vpansion is about the same in all the organism.s, 
although easily discerned in the larger refringens. The terminal pointed fila- 
ment of the Spirochacta pnllUJa as nsiially described has been infrequently 
demonstruted in our dark-field studies. Ilowovor, when jircsent, tiiey iieeomc 
more distinct and longer in the pallidum in the (ilntso of o.vpan.sion. 

G. Loopiiip: In liigiily motile pallida, especially in the first few days 
of a lesion, loojiing of tlie axis to form an ellipse or narrow-throated U is not in- 
frequent, One pole of the pallida remains fixed; the other pole ares slowly to 
appro.ximate or meet in a elo.scd or open Joo|). The loop may remain clo.sed for 
from seconds to a minute. IVhile in this state the wiiole loop may dowhj rotate 
on a transverse diameter, like a ring transfixed on a rotating pole. It may give 
the appearance ol a “tumbling” or end-ovor-end movement. 

In one 3-day-old lesion uitb a profusion of organisms in the dark ticUl this 
looping shape was modified peculiarly. The ends would cross to form for 
second-s at a time a script letter “e” or “1” or even a Grcclc script letter “a.” 
While in tliKs position the loop occasionally closed completely to form a script 
“i.” This was the only instanee in wiiich tlie eharactDi'istio rigidity or linear 
pattern of a coil spring was not maintained. Five per cent of the organi.sms in 
this same case showed a wavy motion of tlic coils to form constantly varying S- 
sliape.s. This bizarre behavior iiitrodiiecd donlit as to the speeifieity of tlic or- 
ganism. The clinical featnrc.s, the lesion, and the aiiiicaranco of repeated posi- 
tive Kahns and Wassermanns three weeks later was snffieient eorrohoratiou. 

We have not observed looping and its allied molion.s ns described liore in the 
nonspecific spirochetes. A simulated looping or blunt V formation has been 
seen to occur in highly active refringens without the complex variations of the 
looping movements in the pallida. Diminution of motility as in lesions of over 
two weeks, or after treatment, obviously will reduce the variety of motions. Tlie 
few sera from secondary closed lesions Ibat we have studied disclosed little more 
than rotation. Agee’* believes that the Ies.sciicd activity of the organisms is 
caused by pressure in obtaining scrum. Onr procedure for obtaining fluid by 
venous stasis precludes tills mechaiueal effect. There is no reason why the de- 
cline in numbers of organisms, as antibody response in late priraaiy and sec- 
ondary stages rises, is not coupled with le.s.seiied motility. 

With the above mnneroiis extrinsic and intrinsic types of motility in mind, 
it is quite evident tliat the pallida has versatility and protean facultie.s far above 
and beyond any other spiroelietal foiins that may be encountered. A point that 
must be re-empliasized in any oonsidcration of its differential diagnosis is tlie 
relatively moderate or even slow rote of motility in any of the types li.sted above. 
The gentle or stately or leisurely w'aving or bending in the pallida is always 
unhurried. The behavior of seaweed in the surf, or that of pliant fields of grain 
in a breeze is analogous in its grace and undulations to tlie phj-sical motion of tlie 
pallid spirochete. 

It is hoped that familiarity with the characlcristic details of motility will 
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obviate many errors in dark-field diagnosis of Treponema pallidum. Uncertainty 
that makes one seek the secondary coiTohorative procedures of serologic tests, 
stained smear studies, or doubts of clinical impression should be minimized by 
the procedure of the tried and true dark-field examination of suspected syph- 
ilitic lesions. 

SUilMARY 

1. The diagnosis of early syphilis in penile lesions is best determined by 
dark-field studjL Other laboratory methods should be used for corroboration. 

2. A number of cautions are outlined which will minimize artifact errors 
and pitfalls in the dark-field study of penile spirochetes. The source material 
and lesions are so often atj'pical that any penile lesion or lesions may' reveal 
Treponema pallidum by' dark-field e.xamination. 

3. The Treponema pallidum has a range of motility' characteristics so broad 
that it should make for little difficulty in ditferential diagnosis. 

4. hlotility of penile spirochetes relating to locomotion is distinguishable 
from motility relating to change in shape. Eight types of motility' of Treponema 
joallidum and other spirochetes are described irnder two main groups. Several 
of these are so characteristic to be of pathognostic value in, the diagnosis of 
syphilis by the dark-field method. 
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A JIETIIOD FOU lIorN’TINC! fiKOSS PATlIOLOdlC SPECIJIENS IN 
PKTHI DISHES* 


UniiKiiT Si'iiHKK, M.D . llixr-s. Ii.i,. 


T he cu.stuinary inctiuKi fcji- in-oscrvinji and inountinij: fii'oss jiatholoiiic speci- 
mens by the use of the mnseuni jar is soatowluit diflieult and timc-cousum- 
inp;. The jars are usually Iieavy, eumhersoine, and are fairly expensive; and a 
considerable amount of sjiaee is reqnireil to store or display them. These dis- 
advantages iireelude the use of jain in inan.v hospitals. 

In those eases where the specimen is .small or where a cross section suffices 
to show the gross pathologic fcatnre.s, it is po.ssihle to dispense with the use of 
jars by utilizing a nietliod developed by IVatters,'' ■' Coiilin,” Day,' Judah, ‘ 
'Warren,” Davis,' Earson and I.evin,'- and Bengslon ’ The s])cciinen is mounted 
in half a Petri dish or watch glass which is filled with fiitid and scaled to a 
ghis.s jihvte. Jtallory" states; ■•The method has the advantages that the ma- 
terials used are cheap and the space needed for the storage of fini.shed speci- 
mens is small. It has the di.sadvantage that it is somewhat time-consuming and 
diflieult tcehnieally for the beginner.” 

In the method iiresonted in this paper, the whole Petri dish, both bottom 
and cover, is used, thus di.spcnsing with the somewhat ctitnhersome glass plate. 
The present method is rapid, technically simple, and even more space-conserving 
than the mounts of Petri dish and glass plate. Furthermore, the mounted 
specimens are convenient to handle and examine and can he readily photo- 
graphed. 

Method . — Two sizes of Petri dishes have heen fottnd suitable for most 
specimens. These are the 100 by la mm. and the 150 by 20 mm. In addition, 
crystallizing dishes, BO by 40 mm. and 145 by 60 mm., covered with the tops 
of Petri dishes, have been used for some specimens. Very large Petri dishes, 
9V4 by 1%, 11 by 114, and 13 by H4 inches, are available for cross sections 
of large organs like the whole lung or for coronal sections of the brain. 

The gross specimen, preserved in formaldehyde or Karserling's solution, 
is trimmed and oriented in the dish. In an occasional ease, it is necessan- to 
use some means to prevent the inovcnient of the spceiinen. One method is to 
sew the specimen on a sheet of tinnsparent film which is cut to fit the bottom 
of the dish. This method was used for mounting a surgical .specimen of a car- 
cinoma of the common bile duct (Fig. 1). A more rapid method is the use of 
thin strips of adhesive plaster to attach the siiccimen to the bottom of the Petri 
dish. It has heen found that if both ends of the adhesive plaster are attached 
firmly to the di-y glass, there is little danger of the strips becoming loose when 
the fluid is added. An example of this method is .shown in Fig. 2. Carcinomas 

•From tlio Tumor Rp^catch Unit. Veterans AdiuinLvtration. 

Published witli the permission of the Medical Director of the Veterans Administration 
who assumes no i esponsibilit.\ for the opinions expressed or conclusions drawn by the author. 
Receuecl for publication. June 19, 1943. 
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Fis- 1 — SviVBicftl No. 21-127. Carcinoma o£ common bile duct with metastasis 
node. Tlic surgical specimen is sewn on a photographic him. Tiie duodenum ana ua- . ^ 
mon bile duct have been opened. A probe is inserted tlirougli tlie terminal portion ui 
pancreatic duct which opens directly into the duodenum. Tlie terminal. 0.5 cenimiewi 
the common bile duct, is diffusely thickened and superficially ulcerated. The smaller speu 
is a cross section showing the pancreatic duct surrounded by a zone of nbrotio iiaau'- 
small lymph node in the pancreatic capsule is infiltrated with tumor. 
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of tlie laiyiLK are inountetl in 90 by 50 mm. crystalline dishes (Fig. 6). Wads of 
cotton or a section of a sponge are jilaccd underneath the larynx so as to imiuo- 
bilizc the specimen and to bring the lesion close to the glass cover. These three 
mechanical devices arc required only in a small percentage of cases. In most 
cases the specimen is placed free. in the dish (Figs. 3 to 5). 

The next step is to fill completely the dish \vitli the mounting fluid in such 
a manner as to avoid air bubbles in the final mount. A large pail is filled with 
the solution used for mounting. Tlic fluid should be at room temperature or 
sliglitly warmer so as to eliminate as much as possible dissolved air. The bottom 
dish witli the specimen is immersed in tlie solution. An^’ entrapped air can be 
readily released by manipulating the specimen. While one hand holds the 
bottom dish, the other hand infrodiiees the cover sideways into the solution so 
as to evacuate all the air. Tlien tlie cover is placed over the bottom of the 
Petri dish. In doing this, hotii parts of the dish arc kept continuously and com- 
pletely submerged. While keeping the disli closed and submerged, it is inverted 
so that the cover is beneath the bottom of the dish. The inverted dish is then 
removed from the fluid. 



ITig. 3 . — Autopsy No. -CO-.IZ Implantat-on of uicters into slpmo/it colon Tltc* iiutopsy 
specimen was obtaineil nineteen months after the operation. The si^inoid lias been foldeu to 
siiow both implants: a piobe has been inserted In Oic terminal portion of the left ureter, and 
both uictcrs show moderate thickening and flbrosis At the junction of the left ureter and 
colon, a papilla. 2 cm. m leneth and 1 cm. wide, can be seen. Theic is no papilla at the Junc- 
tion of the right ureter and sigmoid. The opening of this ureter In the sigmoid is markedly 
constricted. 


The next step is tlie sealing of the dish. Wliito twine is introduced in the 
space between the bottom and cover. Tlic twine is pushed down by means of a 
paper clip. It is run around Oie circiimferenee of the dish two or three times. 
Plasteline is then packed tisjlitly in the space between the bottom and cover. 
The dish may now he Ijandled freely. The outside of tlie disli is waslied free 
of tlic mounting solution and dried. The free edge of tlie plasteline is shellacked. 
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A gumiued label is attached to the dish. The label is protected by covering it 
with transparent lantern slide e*Jf»ing. 

Specimens Suitahlc fur Mountinr /. — Cims sections of the brain mounted in 
150 by 20 inin. dishes are ideal for the demonstration of tumors and other lesions. 
Ilemisections of the kidney can usually be mounted in the 150 by 20 mm. 
Petri dish. Tumors of tlie lung can frerjuciitly be adequately reprc-sented liy a 
cross section whicli shows the relationship of the tumor to the bronchi and 
liilum of the lung. A section of the spleen or liver siiniccs in many cases to sJiow 
the gi-oss lesion, sueli as a metastatic fuinor, granuloma, or cirrliosis. Ulcer.s of 
the gastrointestinal traet can be mounted in the 100 or 150 mm. Petri dish. 



Fii- g Surgical No. lS-680. Carcinoma of the larynx. The right vocal cord Is de- 

stroyed by a laige ulcer wlilch inflltratcs subglottically and involves both the anterior ana 
posterior commissures. The edges of the ulcer are raised and nodular. 


Tumors of the gastrointestinal tract or the genitourinary tract frequently re- 
quire tlie 150 hy 60 min. crystalline dishe.s. Cro.ss sections of the heart suffice to 
show metastatic tumors. Longitudinal sections are used to show infarcts and 
mural thrombi. The valves of the heart arc sometimes e-xeised and mounted 
separately. Thin sections of the vertebrae are used to show such lesions as 
metastatic tumoi-s, Paget’s disease, and multiple myeloma. 

The specimens shown in Figs. 1 to 5 are all mounted in 150 by 20 ram. 
Petri dishes. It should be noted that the mounted specimens photograph satis- 
factorily. 
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Storayc of Petri Dishes . — A special cabinet, 60 by 2i by 22 inches, was 
built to store the Petri and deep dishes. It has 18 flat drawers, 21 by 19 by 1% 
inches, which have movable partitions to accommodate either the 150 by 20 mm. 
or the 100 by 15 mm. Petri dishes. Each drawer holds 9 of tiie larger dishes 
or 3 large and 12 small ones. The cabinet also has 2 deeper drawers, 21 by 19 
by 3 inches for the crystallizing dishes. This small cabinet accommodates from 
ISO to 300 museum specimens, depending upon the size of dishes used. 

By use of such a cabinet, a large number of gross specimens can be stored 
compactly. Furthermore, the dishes are protected from dust and are readily 
accessible for examination. 


SUJI3IARY 

A simple method is presented for mounting surgical and autopsy specimens 
in Petri dishes and the filing and storage of mounted specimens in a cabinet. 

The method is easily learned, is rapid, and permits the filing and storage 
of a large number of mounted specimens in a relatively small cabinet. 
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A SIJtPI.E ArSCULTATGUY TEGIIXIQrE FOI? THE ESTIJIATIOX 
OF THE r.EOOD PRESSfRE OF DOGS* 


CoLTKit Rri,E, M.D ,t New Youk, N. Y. 


OE\ EliAL au.sfultatiJi-y tiH'Iiniqiies have bufii dcscriiiL't] for tlie estimation of tlie 
^ Itlood pressure of dogsA'^ They have reipiiretl special etift’s, racks, and otlier 
devices, wliicli, in addition to being cumhei-somc, offer difficulty of adaptation to 
dogs of different size. A simple niodilieation of tlie auscultatory teelinique is 
de.scrihed hero. It consi.sts of a method for liolding tlie rubber bag which is to 
be inflated firmly in place. 

Method . — A roll of seniielastie ‘'Are" bandage wliicb is used in taping 
ankles (dimensions: nine feet b.v two and oue-half inches) is stitched to the 
tail of the cloth cover of a hlood pressure cuff (dimensions; four by thirty 
inches). The culf is aiiiiliod to the thigh of the dog, the bandage being wrapped 
around until every iiortion of the cuff is covered, a few turns being taken up 
around the torso during the procedure (see illustration). The dinjihragm of a 
stethoscope is inserted under the lower edge of the cuff over the femoral aitery. 
The blood pressure is then measured iu the couvontional manner. The .sounds 
are generally fainter than in human beings, and in short-legged, stocky dogs too 
faint for reliable readings, but iu most cases the end iioinis are equally sharp. 
A few trials will indicate the best i) 0 .siti<m for the cuff and stethoscope in the 
individual animal; in some cases the sounds are heard more clearly below the 
knee. If the cuff is too tight, sounds may be heard below diastolic levels. Hyper- 
s.vstolie sounds were encountered at fir.st, but were not present after the back of 
the stethosco])e liead was covered with felt. They resulted from the ti’ansmission 
of the sounds produced by the impact of the column of blood on the uitpcr edge 
of the cuff through the compressed air of the iidlatod cuff. 

Comments . — Since dogs exhibit marked arrhytlimia, the blood lucssure ma.v 
vary with each respiration over a range of several millimeters of mercuiy. The 
accuracy of the method has been ascertained by taking with the auscultatory 
method readings in one hind limb simultaneously with readings taken witii the 
Hamilton manometer in the other hind limb. Discrepancies of more than 10 mm. 
Ilg in the systolic and diastolic levels between the two methods were uncommon 

The blood pressure in nine animals has been followed over a period of several 
months. A routine wa.s established: the animals were allowed the freedom of 
an outdoor pen for a few minutes, were then placed on a table in a quiet room, 
and were rested a few minutes before readings weie recorded. The levels fell 
during the first two weeks, as the animals became accustomed to the procedure , 
afterwards, they appeared to enjoy the routine and would remain (juiet. Varia- 
tions in the routine, the pi-esenee of strangers, and the occurrence of strange 

•From the Hospital of tho Rockefeller Institute for Medical Research. 

tFellow of the University of Cincinnati working on a grant from the .losiah Macy, Jr., 
pQUudation. 
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noises were accompanied by higher readings. The blood pressure levels of 
these dogs approximates the levels reported by other investigators, for ex- 
ample, 138 mm. Hg systolic and 79 mm. Hg diastolic.^ 












Conclusions. — 1. A modification of the auscultatory technique for the esti- 
mation of the blood pressure of dogs is described. 

2. The value of a routine in following the blood pressures is emphasized. 
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CHEMICAL 


A JIETIIOD POK SniULTANEOUS DETERJIINATION OP 
JIBTIIEJIOGLOBIN-OXYIIEJIOGLOBIN RATIO AND 
PER CENT IIKirOBYSIS IN STORED BLOOD* 


Axjkin 11. Cii.\si'., Pii.D., Piiii.ii* 11. Lohenz, B.A., Artiiui! If. P.vreart, Pii.D. 
.VNU John R. Grecg, B.S., Princeton, N. J. 


T he foiieoiiti'atioii of plasma hemoKloIJn may be used in delennining tlie 
amount of liL'iiioly.sis iu blood. The extinetiou (negative logarithm, „ of 
tran.smi.s.sion) at A 540 iii/i can be taken to ealenlate direct^' the oxyhemoglobin 
concentration, in terms of a simitar measurement on totally hemolyzed whole 
blood of known hcmogloliin eonteiit. With a spectrophotometer .such a method 
can be very precise, provided the hemoglobin has not undergone any change, 
such a.s o.xidation. Alternative procedures involve conversion of the hemo- 
globin to acid or alk-aline hematin, methemoglobin, or other derivatives (Peters 
and Van Slyke, 1932), with speetropbotometrio measurement at appropriati' 
wave lengths. 

In the course of e.xpcrimcnts on stored human blood in this laboratory, 
it became necessary to make routine, multiple mea.snremcnts on small samples 
and to determine simultaneously both hemolysis and the relative amount of 
plasma hemoglobin present as methemoglobin. The latter pigment was formed 
in rather high concentration under certain experimental conditions and the 
methemoglobin-oxyhemoglobin ratio therefore assumed significance in our work. 
The clinical method described by Wendel (1938), although simple and suffi- 
ciently accurate, measures only methemoglobin, unless additional procedures 
are employed. Ray, Blair, and Thomas (1932) give details for qualitative and 
quantitative determination of blood pi.gments, either singly or in mixtures, 
by spectrophotometry; and Austin and Drabkin (1935) report a detailed study 
of the absorption spectrum for various known ratios of methemoglobin to oxy- 
hemoglobin, measured at different pll’s. 

The procedure which was devised for the present work permits estimation 
of the ratio of methemoglobin to oxyhemoglobin in the sample by a simple 
graphical comparison method. The amount of oxyhemoglobin that would have 
been present if none had been oxidized to methemoglobin can subsequently 
be calculated, if desired for a determination of hemolysis. 

Methods . — Spectrophotometric measurements were made with a Coleman 
spectrophotometer. Model 10-S (Coleman Electric Co., Maywood, 111.), and the 
procedure was as follows: 

About 0.7 c.c. of whole blood was used for a single determination. The 
cells were separated from the plasma in an air turbine, handling tubes of 

•From the physlologtcal Lahoratory, Princeton University. 
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mittee on Medical Research, between the ofllce of Scientific Research and Development and 
Princeton University. 

Received tor publication, Nov. 1, 1943 


99 



100 


THE JOURNAL OF LABORxVTORY AND CLINICAL MEDICINE 


about 0.8 c.e. volume and developing a force of about 20,000 G (gravity). 
Ordinarily 0.10 c.c. of the supernatant was diluted with 12.5 c.e. of a salt-buffer 
mixture'^ before measurement. 

As will be shown, methemoglobin is the only derivative of hemoglobin 
which appeared in the blood under the conditions of our work. Consequently, 
the spectrophotometric measurements were designed to pick up either oxy- 
hemoglobin or methemoglobin. Any reduced hemoglobin present in the orig- 
inal blood sample was always automatically oxygenated during the dilution 
of the plasma. 

The pll of the plasma, as diluted 1 :125 with the salt-buffer mixture, is 7.3. 
Consequently, any methemoglobin present exists as neutral methemoglobin, 
and no error arises due to changes in the absorption spectrum of methemo- 
globin with changes in pH. (Austin and Drabkin, 1935.) 

We routinely measured the ratio of methemoglobin to oxyhemoglobin in 
the following way. The negative logarithm of the transmission of the diluted 
plasma was determined at seven wave lengths (A == 631, GOO, 577, 560, 540, 
520, and 500 mm), which include the pianeipa] absorption bands of oxyhemo- 
globin and methemoglobin. The logarithms of these values were then plotted 
as the ordinate on transparent graph paper, against the ivave length as the 
abscissa. By superimposing on calibration curves representing known ratios 
of methemoglobin to oxyhemoglobin, plotted similarly, it was possible to ascer- 
tain by inspection the percentage of hemoglobin that had been converted to 
methemoglobin in the experimental sample. Use of the log plot automatically 
cancels out any alisolute concentration differences between solutions. 

The calibration curves were made as follows. .Fresh whole blood was 
accurately diluted 1 ;250 with salt-buffer mixture, causing complete hemolysis. 
To 100 c.e. of the resulting solution a small crystal of potassium ferricyanide 
was added, which oxidized the hemoglobin to methemoglobin. Pour samples 
of this solution were diluted with salt-buffer mixture in such a way that the 
resulting solutions contained, respectively, 80 per cent, 60 per cent, 40 per cent, 
and 20 per cent of the methemoglobin concentration of the original solution. 
The extinction (negative logarithm, „ transmission) of these four solutions and 
of the undiluted original solution Avas determined at the seven wave lengths 
specified above. 

In the same ivay, samples of the original solution of hemolyzed whole 
blood (1:250) were diluted ivith salt-buffer solution lacking ferricyanide, and 
their extinctions were determined at the same seven waAm lengths. It Avas noAV 
easy to construct arithmetically the ciun'es of extinction against Avave length 
for mixtures of oxyhemoglobin and methemoglobin in Avhich these tAVO com- 
ponents Avould be present in the folloAving ratios: 100 parts oxyhemoglobin 
to 0 parts methemoglobin, 80 to 20, 60 to 40, 40 to 60, 20 to 80, and 0 to 100. 
The logarithmSjo of these calculated extinction Amlues Avere next found and 
plotted against the Avave length. By superimposing an experimental seven- 
point absorption spectrum, plotted as log extinction, on these standard ab- 
sorption spectra of knoAvn oxyhemoglobiu-methemoglobin mixtures, similarly 

*17.5 volumes of 0.06 31 disodium phosphate. 7.5 volumes of 0.06 M monopotassium phos- 
phate, 25 volumes of 0.06 JU sodium chloride, and 50 volumes of water. The pH of this solu- 
tion is 7.25. The transmission of the constituents of the plasma remains constant over many 
hours when diluted with such a solution (Parpart, Amberson, and Stewart, 1931). 
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plotted, the percentage of hemoglobin that was in the form of niethemoglobin 
could be determined. 

Our standard calibration curves are shown in Fig. 1, and the extinction 
values from which they were computed are given in Table I. The use of a 
seven-point spectrum, rather than one with fewer points, increases the pre- 
cision, since the curves can he filled fairly exactly, even though one or more 
points may be in error. 



of calibration data representinff the relative amounts 
in standaid mixtures. The experimentally measured 
j blood samples can be matched against this graph, by 
Jterinme the peicentage of the hemoglobin that is in the 


If, in addition to tlic plasma methemoglobin-oxyhemogloliiii ratio, the per- 
centage of hemolysis is also required, this can be calculated. An example will 
sufSce to illustrate the method. If the experimentally measured extinction 
of the diluted blood plasma sample at 540 mp were 0.525, and 60 per cent of 
the hemoglobin were found from the calibration curves to be in the form 
of methemoglobin, then it would be necessary to nuiltiply the observed ex- 
tinction at 540 m /1 by 1.46 to obtain the extinction that would have been 
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measured experimentally if all of tlie pigment had been present as oxyhemo- 
globin. The factor, 1.46, is obtained by dividing the extinction at 540 mp. 
of the 100 per cent hemoglobin calibration curve by the extinction at 540 mp of 
the 60 per cent methemoglobin-40 per cent oxyhemoglobin calibration curve. 
These factors for various percentages of hemoglobin as methemoglobin are 
shown graphically in Fig. 2. 


Table I 


Extinction Values for Standard Dilutions op Two Solutions, One Containing Oxyhemo- 
globin, AND the Other Containing Methemoglobin; the Calibration Graphs in Fig. 1 
Were Computed From These Data, as Described in the Text 


SOLUTION 

500 

520 

540 

LENGTH IN jn/i 

560 577 

600 

631 

Oxyhemoglobin “undiluted”* 

.254 

.317 

.666 

.441 

.674 



Above solution diluted 20 per cent 


.263 

.530 

.354 

.542 

MSM 


Diluted 40 per cent 

.156 

.192 

.399 

.266 


.037 


Diluted 60 per cent 

.106 

.133 

.272 

.179 

.275 

.026 


Diluted SO per cent 

.054 

.068 

.136 

.091 

.137 

.016 

.006 

Methemoglobin ‘ ‘ undiluted ’ ’ t 


Above solution diluted 20 per cent 

.331 

.288 

.246 

.173 



.142 

Diluted 40 per cent 

.249 

.215 

.184 

.130 

.127 

.099 

.107 

Diluted 60 per cent 

.168 

.146 

.126 





Diluted 80 per cent 

.089 

.077 

.068 

.049 

.046 

.038 

.040 


•0.050 c.c. of whole blood and 12.5 C.C. of salt-buffer solution. 
tSanie as above, but containing potassium ferricyanide. 


The red cells of stored blood frequently undergo very marked changes in 
volume. This vmries the distribution of water between the cells and plasma. 
It is therefore necessary, in determining the degree of hemolysis in stored 
blood, to correct the hemoglobin measui’ements made on the plasma for these 
shifts of water. In addition, the degree of hemolysis itself affects the relative 
volume occupied by cells and plasma. Unless these factors are taken into 
account, the measurement of the percentage hemolysis can be greatly in error. 

The method for making these corrections is as follows: The cell-free 
volume can be determined accurately by hematocrit measurements. These 
were made by a specially devised method which gives very precise and repro- 
ducible values with a standard deviation of 0.34 per cent (Parpart and Ballen- 
tine, 1943). Having determined from the hematocrit reading what percentage 
of the total volume of the experimental blood sample represents extracellular 
fluid (i.e., plasma), the calculated extinction value of the oxyhemoglobin found 
for the plasma is multiplied by the per cent of the total volume of the sample 
which is not occupied by cells. For example, if the hematocrit shows that 40 
per cent of the total blood volume is occupied by cells, then the factor would 
be 60 per cent, or 0.60. The final corrected extinction is proportional to the 
concentration of oxyhemoglobin that would have been measured in the sample 
had the cells been replaced by an equal volume of water. Therefore, a direct 
comparison can be made between the extinction at 540 mp of the diluted, 
hemolyzed original blood, before storage or treatment, and the extinction (at 
540 mp) of the diluted plasma at any time. The latter figure (corrected for 
methemoglobin present, hematocrit vmlue, and any differences in dilution) can 
be divided by the former to give a measure of percentage of hemolysis. 
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Before reliance can be placed upon the method as a whole, it is necessary 
to demonstrate two things. First, it must be shown that during the applica- 
tion of the high centrifugal force necessary to pack the cells for removal of 
the plasma sample, no change in the concentration of hemoglobin in the plasma 
occurs, because of possible mechanical destruction of cells, or evaporation of 
water from the plasma. Second, it iiimst be shown that during the time the 
hemoglobin remains in the plasma following progressive cell breakdown dur- 
ing storage (in some experiments as long as six Aveelis at room temperature), 
the hemoglobin docs not undergo change to anything other than methemo- 
globin, since the method of measurement is designed for (piantitative detection 
of oxyhemoglobin and methemoglobin only. 



To test the first point, the transmission at A 510 m/r of diluted plasma from 
blood that showed about 30 per cent hemolysis (and whose cells were pre- 
sumably less resistant to mechanical strain than when the blood was freshly 
drawn) was measured after various centrifugation times of from five to sixty 
minutes. No significant change in transmission was found for times of thirty 
minutes or less, although a slight decrease (about 1 per cent) in transmission 
occurred when the time was prolonged to sixty minutes. Since, in our experi- 
mental procedure, the centrifugation time is fifteen minutes, no error arises 
because of this factor. 

The possibility that plasma hemoglobin might bo transformed to deriva- 
tives other than oxyhemoglobin and methemoglobin during long periods of 
storage can also be tested. If all the hemoglobin originally present remains 
as oxyhemoglobin or methemoglobin and if none of it is transformed to other 
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clerivatii'-es during the time that it remains in the plasma folloAving sponta- 
neously occurring hemolysis of some of the cells, then there should be no 
change in extinction at 540 m/x (corrected only for methemoglobin present) 
ivhen a sample of the blood is completely hemolyzed and measured at various 
times after storing. On the other hand, if loss of plasma hemoglobin occurs 
because of conversion to forms other than oxyhemoglobin or methemoglobin, 
then the extinction (540 mg) of the blood (corrected for methemoglobin), 
measured after completely hemolyzing the cells, should be appreciably differ- 
ent than it was when the blood Avas stored. This change should be greater 
Avith greater degrees of hemolysis. Table If giAms measurements on four 
samples of stored blood to test this point. Each sample Avas subjected to a 
different treatment. The table shows (1) the extinction of a totally hemolyzed 
sample of the fresh blood from Avhieh the samples Avere taken for storage; 
(2) the extinction (con-ected for methemoglobin) of the totally hemolyzed 
blood samples after tAcenty-eight days of storage, and (3) the percentage 
liemolysis in each sample at the time the second measurement Avas made. Dilu- 
tion factors are the same in all eases. It is apparent that there has been no 
significant change in extinction (corrected for any methemoglobin present) 
during the storage period. Identical results have also been obtained in numer- 
ous other samples. It is safe to conclude, therefore, that no derivatives of 
hemoglobin other than oxyhemoglobin and methemoglobin appear in the plasma 
or cells during storage or as the result of the A'arious experimental treatments 
to Avhich the blood has been subjected in our procedures. 

Table II 

Demonstration Th.vt There Is No Significant Loss of Hemoglobin by Conversion to 
Derivatives Other Than JIethe.moolobin, in Plasma Folloaving Spontaneous, Paetlal 
Hemolysis Occurring During 28 Days of Blood Storage 


SAMPLE NO. 1 

PER CENT j 

HEMOLYSIS 

MEASURED EXTINCTION i 
OP TOTAL HE^IQGLOBIN 1 
ORIGINALLY PRESENT 

CALCULA-TEU EXTINCTION 
OP TOTAL HEMOGLOBIN 
AFTER 28 days’ storage 

132 

31 

0.666 

0.672 

131 

33 

0.666 

0.667 

130 

31 

0.666 

0.668 

139 

8 

0.660 

; 0.681 


Because of the similarity of the absorption spectrum of methemalbmnin 
(Fairley, 1939, 1941) to that of methemoglobin, it seemed adAusable to test 
specifically for methemalbumin in plasma of stored blood samples selected at 
random. Treatment Avith 5 per cent sodium cyanide and subsequent speetro- 
photoiuetrie examination (Fox, 1941) failed to shoAV the presence of this ab- 
normal blood pigment. 

Discussion . — It can be concluded that the measurement of hemoglobin as 
oxyhemoglobin and methemoglobin can be relied on to give data that permit 
a valid determination, Avith a single small blood sample, of per cent hemolysis 
and of the methemoglobin-oxyhemoglobin ratio. The precision of the method 
for determination of the plasma metliemoglobiu-oxyheraoglobin ratio depends 
essentially upon the concentration of the cell pigments in the plasma sample. 
When this is such that a 1 :125 dilution of the plasma gives a solution Avhose 
transmission at A — 540 ni/u. is hetAA'een 0.8 and 0.2, a difference of 10 per cent 
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ill the perceiitaj^e of total licntoglobiu present as niethemoglobiii can be readily 
detected. This represents the upper limit of precision of tlic method under 
ordinary conditions. It is essential, of cour.se, that no abnormal colored sub- 
stances be present in the blood. If the hemolysis is less than about 3 per cent, 
the plasma methemoglobin-ox^diemoglobin I’atio can be determined accurately 
only if the plasma is diluted considerably less than 1:125. In^his case a cor- 
rection must be made for the color of the normal plasma components. Where 
only a very small amount of blood is available for measurement, it is impos- 
sible to use dilutions much le.ss than 1 :125, unless special absorption cells of 
small volume but undiminished optical depth are available. The Coleman 
spectrophotometer is not easily adapted to the use of such cells. However, 
in determining percentage hemoly.sis from spectrophotomcfric measurements 
of plasma oxyhemoglobin, it is unnecessary to make any correction for hemo- 
globin present as methcmoglohin when the hemolysis is less than 3 per cent, 
since only a very small error will re.sult from omitting the correction under 
such conditions. The correction becomes increasingly important as the per- 
centage of hemolysis increases beyond this value. 

Measurement of the mothemoglobin-oxyhemoglobin ratio in totally hem- 
olyzed wliole blood (plasma plus cells) can always be made with the maximum 
precision of the method, since the pigment concentration is here not a limiting 
factor. However, it has been our experience that in stored blood significant 
methcmoglobin formation occurs only in the plasma. 


SUMMARY 

A method is described for measuring, simultaneously, on a small sample 
of stored blood the percentage of the hemoglobin in the plasma or whole blood 
that is ill the form of methemoglobin, and the percentage of hemolysis. Be- 
cause of the small volume of blood rccpiired, routine, multiple determinations 
can be made. 

It is shown that the method does not sulfor from errors due to possible 
injury of the cells during tlic centrifugation required to obtain the plasma 
sample, or due to possible conversion of the liemoglobin to derivatives other 
than oxyhemoglobin and methemoglobin during the period of storage. 


RErERENCES 

Austin J. H. and Drablcin, D. !».: Spectrophotometne Studies. III. Methemoglobin, J. 
’ Biol, ciiem. 112: 67, 1935. 

Fairley N. H.: Methacmalbumin rn Man (Pseudo-Metliaemoglobm), Proc. Roy. Soc. Med. 
’ 32: 1278, 1930. 

Fairle\* N H.: Methacmalbumin. Part I. Clinical Aspects. Part IT. Its Synthesis, Chem- 
ical Behavior, and Experimental Production in Man and Monkeys, Quart. J. Med., 
new series 10: 95, 19-41. 

Fox C. L. Jr.: Spectrophotometry of Fairley's New Blood Pigment, Methemalbumin, J. 
’ Clin investigation 20: 603, 1941. 

PTrnnrt A TT AmbcrsOD. W. R., and Stewart, D. R.: The Determination of Hemoglobin 
’Concentration m Dilute Solutions, Biol. Bull. 61: 518, 1931. 

Parpart A. K., and Ballentiue, B.: Hematocrit Determination of Relative Cell Volume, 
’science 98 (new scries): 545, 1943. 

Peters J P and Van Slyke, D, D.r Quantitative Clinical Chemistry. Vol. II, Methods, 
’ Baltimore, Md., 1932, 'Williams and Wilkins Co. 

Rnv a R ■Rlnir H A and Thomas, C. I.; The Spectiophotometric Determination of 
Certain Blood Pigments, J. Biol. Chem. 98: 63, 1932. 

Wendel W B.: Metlienioglobin Determination; Clinical Method, J. L.uj. & Clin. Med. 24: 

’ 96,* 1938. 



A NEW TECHNIQUE FOE THE MEASUEEMENT OP GLYCOGENESIS: 
A STUDY OP GLYCOGEN METABOLISM IN THE LIVEE UNDEE 
PASTING CONDITIONS'-' 


Essie White Cohn, Ph.D.,! and Joseph H. Eoe, Ph.D., Washington, D. C. 


T he conventional method foe the study of glyeogenesis involves two steps, 
namely, the determination of the liver glycogen of a control group of 
animals fasted for a certain time; and the estimation of the liver glycogen of 
another group of animals following the administration of a test substance. The 
difference between the mean of the control and the test group is regarded as 
the effect produced by the intermediary procedure. In such a method it is ob- 
vious that a large number of animals must be used in order to compensate for 
the marked individual variations observed in liver g-Ij^cogen. It is also evident 
that a large group of animals would require that a considerable quantity of the 
material be tested. 

In an investigation of the metabolism of a rare sugar (mannoheptulose) in 
this laboratory it was desired to study glycogen formation. Since there is evi- 
dence that this sugar is utilized by the x-abbit and not by the rat as indicated 
by blood studies of Roe and Hudson,' it was necessary that a method for the 
determination of glyeogenesis in the rabbit be developed in which small quanti- 
ties of test substance would suffice. 

A technique has been developed in which each animal serves as its own con- 
trol. A laparotomy is performed under nembutal anesthesia, a control sample 
of liver is taken, the operated area is closed, and the test substance is injected 
subcutaneously. After waiting an appropriate time, a second laparotomy, is 
made under nembutal anesthesia and samples of liver are taken for analysis. 
Thus, a significant result is obtained upon a single animal, and a satisfactory 
answer to the problem is offered by the use of relatively few animals and a small 
amount of test substance. 

The effective use of the new technique requires that information should be 
available on the control values of glycogen in normal fasted animals and upon 
the effect of the operative procedure on normal animals. This double laparotomy 
technique might involve a change in liver glycogen due to (a) the effect of 
anesthetic and (b) the effect of sux’gery. The utilization of this technique in the 
determination of the effect of administered substances upon the production of 
glycogen allows the investigator to rule out the combined effect of anesthetic 
and surgery. Guest- has used nembutal as an anesthetic with rats. He states 
“. . . the high glycogen concentrations, 'normal’ blood sugar and lactic acid 
concentrations are indicative that glycogenolysis with this anesthetic has been 
minimal.” There is, however, a remote possibility that the use of nembutal 

•From tlie Department o£ Biochemistry, School of Medicine, George Washington Uni- 
vsrsity* 
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does allow a cliaiige in liYcr glycogen. The work ol Guest would not prelude 
the possibility tluit glucose could be utilized by metabolic processes at the same 
rate that it would be I'urnislied from glj-eogcii stored in the liver and would, 
over a period, tend to reduce the amount of glycogen stored. 

IVe have determined the amount of glycogen present in the liver after an 
indicated fasting period and have also found the amount of glycogen present in 
the same liver after an additional twelve-hour interval. The difference between 
these values includes both the cft'cct of surgery and of anesthetic. If nembutal 
is the anesthetic used and the surgical technique is similar each time, the normal 
amount of glycogen formed during the test interval is known and may be used 
as a base line value in the estimation of glycogenosis. This amount of glyco- 
genosis is com])ared with the amount which results from the administration of 
other substances. 

Operative Procedure . — Previous to the fasting period, the rabbits were 
maintained on a standard uniform diet consisting of rabbit chow.* The rabbit 
was fasted a designated period {see Table I). At the end of this fasting period, 
the animal was given nembutal intrapcritoncall.v (30 mg. per kg. of body weight). 
If necessary, additional small amounts of nembutal were injected into the mar- 
ginal ear vein in order that the animal might become completely rela.yed. A small 
incision was made along the midline of the abdomen. A small section (0.8 to 
1.5 Gm.) of the edge of the right lobe of the liver was cut off with a scissors 
and placed immediately in a fared tube containing cold 30 per cent KOH. Skin 
clips were quickly elainpcd into the incised region of the lobe to aid in the con- 
trol of bleeding. Very little bleeding occurred. The animal was closed and 
placed in a metabolism cage. The effects of the anesthetic wore off within three 
to four hours. The animal sat up, moved about in the cage, and took water. 
Throughout the remainder of the twelve-hour period the rabbit was continued 
in the fasting condition and was given water ad libitum. The sample of liver 
obtained by this first operation constituted the “control” sample on which liver 
glycogen was determined. 

Twelve hours after the first operation (described above), the animal was 
again anesthetized with a full dose of nembutal (30 mg. per kg. of body weight). 
Care was taken not to excite the animal during this procedure. The abdomen 
was again opened and a small section of liver was cut from the intact left lobe. 
A second sample of liver was removed from the previously operated right lobe, 
not immediately in the operated area. A comparison could thus be made of the 
glycogen content of the operated and nonoperated lobes. The samples of liver 
were placed in fared tubes containing 30 per cent KOH and were analyzed for 
their glycogen content. The gl.vcogcu was estimated by the method of Good, 
Kramer, and Somogyi.* The glucose formed on hj-drolysis of the glycogen was 
determined by the method of Shaffer and Hartmann.* The gl.ycogen values, e.x- 
pressed as per cent glucose, are given in Table I. 

Data Obtained as a Result of Operative Procedure. ~li\ Table I are listed 
in the first column the tabulation number given to the experimental animal, in 
column 2 the weight of the e.xpcrimcntal animal in kilograms, in column 3 the 
time in hours for which the rabbit was fasted prior to the first operation; 
column 4 under the heading “Control” Kt. Lobe indicates the values of glycogen 

•The chow was purchased from the Maritime Millini; Company. Buffalo, New York. 
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expressed as per cent of liver weight. (The right lobe was selected as the lobe 
on which the initial operation was performed.) In column 5 is given the mean 
value of glycogen for all of the experimental animals which were fasted the 
indicated time prior to the initial operation. In column 6 is given the time in- 
terval between the beginning of the fast and the second operation. In column 
7 are presented the liver glycogen values for the left lobe at the time of the 
second operation. Corresponding values for the right lobe are given in column 
8, Column 9 contains the mean values for the glycogen content in per cent at 
the time of the second operation. 

t.\ble I 


Liver Glvcoges op Fasted E.vbbits 


COE. 1 

2 

O 

U 

1 i 

1 0 

6 

1 7 

1 s 

9 

llABBIT 

XO. 
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KG. 

HRS. FASTED 
PRIOR TO 
FIRST 
OPERATION 

] GLYCOGEN PER CENT (EXPRESSED AS GLUCOSE) 

MEAN 

GLYCOGEN 

AFTER 

SECOND 

OPERATION 

‘‘CON- 

TROL'^ 

RT. 

LOBE 

MEAN 

OP 

' * CON- 
TROL ' * 
RT. 

LOBE 

HRS. FASTED 
PRIOR TO 
SECOND 

OPERATION 

12 HR. AFTER 
FIRST 
OPERATION 

LEFT 

LOBE 

RIGHT 

LOBE 

20 

1.9S 

12 

3.01 


24 

1.33 

0.943 


2S 

1.80 

12 

5.40 

4.2 

24 

1.44 

1.52 

1.31 

31 

2.05 

18 

0.30 
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0.692 


32 

1.81 

18 

0.559 


30 

O.So 

0.795 


37 

2.15 

18 

0.331 



0.30 

0.515 


38 

2.00 

18 

0.207 
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0.464 

0.60 

21 

1.98 

24 



36 

0.86 

0.91 


22 

2.03 

24 
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36 

0.08 

0.96 


23 

1.83 

24 
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36 

1.52 
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25 

2.22 

24 
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36 

1.45 
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39 
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24 
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1.94 
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48 
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36 • 
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60 




10 

1.89 

48 
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60 
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11 
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48 
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33 

2.31 

48 
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60 

3.89 
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47 

1.71 

48 

0.404 


60 

0.777 

0.046 


48 

2.51 

48 
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60 

0.265 
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49 

2.35 

48 

0.53 


60 

0.497 

0.416 


30 
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48 
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0.90 
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1.20 
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1.51 


52 
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60 



72 

0.965 
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53 

2.49 
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72 

2.265 

2.142 


5^ 

2.68 


B 


72 

1.82 

1.88 


oo 

2.77 

60 1 

B Eilttfl 

0.80 

72 

1.82 
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Glycogen Content of Liver Lobes Twelve Hours After the First Operation. 
T-It vull be noted from the values presented in columns 7 and S of Table I 
thatthe glycogen values of the right lobe are approximately equal to those of the 
left lobe; in fact, in many caiies exceed those of the left lobe. Since the operation 
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iviis iiei'lormt'd on (lie ri^ht ]obc, an oiiiial or hiolior ^jlycogon content in this 
lobe is an iiulicalion that the operative teehni<|uc lias not impaired the glyco- 
jtonetie I’nnetion ot' eitlier the operated lobe or of the liver as a whole. 

The data represented in Table I are shown graphically in Pig. 1. Curve A 
is the curve which represents the amount of glyeoKcn at the time of the initial 
opeiaition. The ahseis.sa indicates the number of hours which have elapsed be- 
tween the beginning of the fast and the initial operation. Curve 71 represents 
the values for liver glywigen which were obtained the indicated number of hours 
after the heginning of the fast, hut this lime interval includes a I'l-hour iieriod 
atler the initial oiieration. It is evident that the vertical distance between the 
curves .1 and II for any given time represents the change in liver glycogen to he 
attributed to the surgical procedure including the effect of the anesthetic. The 
circles rc|iresent tlie average values obtaincil at the indicated times for the initial 
operation, whereas the cro,s.ses repiesent similar values for the second operation. 



1 . — . 

obtained after 
cated period i. ■ 
after Uio inltL 
cose Was adiu 

operation. Curve D. liver , ' 
Intel vened between the Initi 
following the initial operat 
Mannoheptulose was admini 
tlie final operation). 


jcoffcn values for varying periods of fasting Data 
Ji. avesaftc of liver glycogen values after the indl- 
"rom samples after second operation and 12 houis 
glvcogcn values obtained as in curve B. The glu- 
the initial opcnxtiun and 12 houis before the final 
■ aftei the second operation: d hours 

Glucose was administered immediately 
»gcn values obtained as in curve B. 
he initial operation <12 hours before 


Liver Glycogen Changes During Fasting . — Curve A of Pig. 1 represents 
the cliange of liver glycogen in terms of per cent by weight of liver. Since the 
points indicated are average values, it shows that during the first 18 hours after 
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the beginning of the fast the glycogen content diminishes quite rapidly. After 
this interval, the effects of ingested food become submerged, and there appears 
a slow but definite increase in the glycogen content of the liver of the rabbit. 

From the data presented in Fig. 1 it would appear that the most favorable 
time to measure glycogenosis in the rabbit is from 24 to 36 hours after with- 
drawal of food. By this time the effects of glycogen storage from previously 
ingested food are no longer evident and the slight increase in glycogen pre- 
sumably from protein breakdown has become established. A longer fasting 
period gives no advantage from the standpoint of obtaining a more stable gly- 
cogen level, but does have the disadvantage of a more weakened experimental 
animal. 

Bate of Increase of Glycogen. — During the 12-hour interval after the initial 
operation there is a change in the amount of glycogen present in the liver. The 
changes in the normal animal are due to normal metabolic processes combined 
with the effect of the operation. Should a substance under investigation be 
administered, it would be expected that the amount of glycogen formed during 
a 12-hour interval would he different. Since there is a difference between the 
amount of glycogen present at the beginning of the 12-hour interval and the 
amount at the end, the changes observed can be viewed as a rate of change per 
unit time, for example, the grams of glycogen per 100 grams of liver per hour. 
In Table II are indicated the rates of increase of liver glycogen for various inter- 
vals of fasting preceding the initial operation. These rates have been calculated 
by using the average values of glycogen at initial operation and the average 
values of the second operation (12-liour interval between operations). It is in- 
teresting to observe that there is an initial decrease in glycogen as indicated by 
the negative value of the rate of change, and that subsequently there appears 
to be a rate of increase which is I’oughly constant within experimental error. 


Table II 

Average Rate of Increase op Glycogen During the 12-Hour Period After the Initial 
Operation for Varying Periods of Pasting 


HR. OF FAST PRECEDING INITIAL j 

OPERATION 1 

RATE OP INCREASE IN GJI. OP GLYCOGEN 

PER 100 CM. LIVER PER HR. 

12 

-0.241 

IS ' 

1-0.021 

21 1 

+0.046 

36 ! 

+0.079 

4S 

+0.025 

60 

+0.070 


It can be seen from the curves in Fig. 1 that the glycogen values obtained 
12 hours after the first operation for the fasting period between 24 and 36 
hours closely parallel the values obtained on the control liver samples, but the 
values are all higher. 

Effect of Administration of Glucose and Mannoliejotulose on Glycogenesis.— 
To illustrate the operative technique and its use in indicating the effect of a 
glycogen-producing substance, the following experiments are reported. A con- 
trol sample of liver ivas removed after a 24-hour fast. After the abdomen of 
the animal had been closed, an isotonic solution of dextrose (containing 3 Gm. 
per kg. of body weight) warmed to 37° C. was administered subcutaneously- 
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Twelve hours later samples from the right and left lohe of tho liver were ob- 
tained. The values obtained in this experiment are indieated in Table III. 
These data are presented in graphical form in curve C of Pig. 1. 


Table m 

ErrEcT or Glucose .vnd Manxoueptulose ox the Pocsi.vtiox of Liver Glycogex ix tub 

Rabbit 



An additional experiment was performed in which tho same procedure was 
used except that a 6-hour interval was allowed to elapse between the initial and 
final operations. The data are shown in Table III. These data are also shown 
graphically in Fig. 1, curve D. It will be noted tiiat despite the difference in 
time, the rate of increase of liver gl.vcogen was roughly the same, and this rate 
was higher than the rate of increase in the control ralibit by a factor of 10. 
That is, the rate of increase on the control animals fasted 24 lioui-s measured by 
tlie operative technique described was 0.046 Gm. glycogen per 100 Gm. of liver 
per hour, whereas tlie rate of increase after glucose administration was 0.42 
Gm. of glycogen per 100 Gm. of liver per hour. 

The technique used for glucose administration was also followed when the 
rare .sugar, d-mannoheptulose,“ was administered. Tlie data are shown in Table 
III. From Pig. 1, curve E, it can be seen that mannoheplulose does not appear 
to be a glycogen-former in tlie usual sense, since the curve for mannoheptulose 
lies between cuiwes -4 and B (the curves obtained from the two operations 
described). However, these data do not preclude the possibility that manno- 
heptulose may be a precursor of glycogen. Previous work* has shown that the 
administration of mannoheptulose to rabbits is followed by an increase in the 
yeast-fermentable copper-reducing substance of the blood. It is possible that 
the substance arising from the metabolic transformation of mannoheptulose is 
glycogenctie and yet is not formed fast enough to yield significant increases in 
liver glycogen. 

SUMMARY 

1. A new technique for measuring glycogenesis has been developed. Tho 
method consists of a double laparotomy under nembutal anesthesia. At the first 
operation a sample of liver is obtained from a fasted animal to serve as a control; 
at the second operation a sample of liver is obtained which shows the effect 
of the test substance upon glycogenesis. 

2. Surgery with nembutal anesthesia causes a mild increase in liver glycogen 


•Kindly furnished to us by Dr. C. S. Hudson of the National Institute of Health. 
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in rabbits fasted 24 to 60 hours. This increase has been determined and base 
line Tallies have been established for the conditions of this method. 

3. The method herein described applied to glucose and mannoheptulose gave 
highly significant results. 

4. A study of the changing content of liver glycogen in rabbits under fast- 
ing conditions has been made. 

5. In the rabbit, marked glycogenolysis occurs during the 12- to IS-hoiir 
period of fasting; during the 24- to 36-hour period after food withdrawal the 
glj'cogen content of the liver is fairly constant; at the 48- and 60-hour periods 
of fast tlie liver glycogen is measuralily higher than during the preceding 24 
hours. 
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MICRODETEKJEINATION OF BLOOD GLUCOSE’ 


FkancjvS U. Laubeh, B.A., .and JrARjonii; R. ilATTiCE, JI.S. 
Nkw York, N. Y. 


A REVIEAY of piiblislied niolliods for blood sugar determination failed to 
disclose one wbieli fuKillcd our vcnuiremenls for a procedure simple enough 
so that a number of determinations could be carried out promptly and yet suf- 
ficiently precise for investigations where relatively small differences in blood 
glucose values were anticipated and where samples of only 0.1 c.e. of blood 
might be available for analysis. E.vistiiig methods, therefore, were modified and 
adapted to our needs. 

The procedure evolved is a combination of parts of well-known and estab- 
lisbcd methods. Protein removal is secured by the technique of Somogjd,* using 
an alkaline aine solution. The nature of the reducing substance in the filtrate 
was shown to agree closely with the fermentable sugar or "true glucose” and 
was estimated by the photoelcetrie colorimeter after development of the Polin- 
Wu blue color.* The method is equally well suited to the visual colorimeter. 


REAGENTS 

1. The alltalino copper tartrate and phosphomolybdic acid reagents for the 
Polin-Wu method are described in all standard tc.'ctbooks on clinical chomistiy. 

2. Glucose solutions for standardization are made from a stock one per cent 
solution in a saturated aqueous solution of benzoic acid. 

3. The zinc sulfate reagent is prepared by dissolving 6.25 Gm. zinc sulfate 
(ZnS0j.7H,0) in about 200 e.c. water and then transferring to a liter volumetric 
flask. Sulfuric acid (62.5 c.e. of 0.23N solution) is added to the flask and 
mixed. The solution is made up to volume with water. On titration, 25 c.e. of 
this zinc sulfate solution should be neutralized by 5.00 to 5.10 c.e. of the 0.25 N 
sodium hydroxide solution (solution 4) using phcnolphthalein as the indicator. 
Freshly prepared quantities of both of these solutions (3 and 4) should always 
be standardized in this way before being used. 

4. Sodium hydimide, 0.25 normal. 


PROCEDURE 


For determinations on capillary blood, the finger is pricked with a sterile 
Hagedorn needle and held over a shallow paraffin cup so that the specimen can 
drip or be “milked” into this container. This paraffin cup is prepared according 
to Abrahamsou* by pouring liquid paraffin bito a medium-sized plastic or metal 
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bottle cap and cooling it to solidity rapidly, preferably in a refrigerator; on 
cooling and contraction, the surface becomes concave, forming the shallmv cup. 
This cup has two distinct advantages. First, it serves to prevent rapid clot- 
ting; and, second, it allows several drops of blood to be pooled for pipetting 
without inclusion of air bubbles. 

For measuring the blood, a serologic pipette calibrated to contain 0.1 c.c. 
blood is used. A convenient pipette filler can be assembled by inserting a well- 
fitting nut and bolt into a 3-inch length of heavy- walled rubber tubing. The 
opening of the tubing must fit tightly over the end of the pipette. When the 
tip of the pipette is dipped into the specimen, if airtight connections have been 
made, unsereiving the bolt will draw blood into the pipette.® Before discharging 
the measured specimen, the tip of the pipette is -wiped with a clean piece of 
gauze. 

The eapillaiy or oxalated venous blood (0.1 c.c.) is discharged into 1.6 c.c. 
of the zinc sulfate reagent contained in a small test tube (100 x 13 mm.). The 
pipette is rinsed several times -with the contents of this tube. The tube is shaken 
so that the blood is completely laked. The sample may be left at this stage, 
corked, at room temperature for several hours without danger of loss of sugar 
such as occurs with oxalated blood. 

When it is convenient to proceed with the determination, 0.3 c.c. of 0.25 
N sodium hydroxide is added and the test tube is vigorously agitated to assure 
uniform coagulation. After a few minutes’ standing, it is centrifuged, and 1 
c.c. of the clear, colorless supernatant fluid is transferred to a graduated 10 c.c. 
test tube (approximately 150 x 13 mm.). A similar tube receives 1 c.c. of 
standard glucose solution (0.005 or 0.01 per cent according to the. anticipated 
blood glucose value). To each tube is added 1 c.c. alkaline copper tartrate 
reagent; the tubes are gently but thoroughly shaken and heated in a boiling 
water bath for exactly eight minutes in an upright position. The tubes are 
cooled ill running water for one to two minutes, after which 1 c.c. of phosplio- 
molybdic acid is added. All of the cuprous oxide should react with this reagent. 
The tubes must not be shaken at this point. If a scum of oxide persists on tlw 
surface of the blue solution, an additional drop of the phosphomolybdic acid 
solution should be allowed to fall on the film and cause its disappearance. The 
tubes should stand undisturbed for fifteen minutes for maximum color develop- 
ment. 

The solutions are diluted to 6.25 c.c, or some other convenient volume, and 
the tubes are inverted several times. After four to five minutes, the colors aic 
matched in a colorimeter. We have employed a Klett-Summerson photoelectiic 
instrument fitted with a 42 filter (blue). If a visual colorimeter is used, micio 
cups and plungers should replace the standard equipment. 

Special test tubes can be used for development of color. We have cm 
ployed both constricted and plain tubes one-fourth the size of the regulation 
Folin-Wu sugar tube. The plain tube is superior to and less expensive than 
the constricted one. Stock 10 c.c. graduated tubes have been entirely satisfac 
tory, however, and permit a wide range of dilutions. 
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CALCULATION 


For the Klctt-Siimmerson photoelectric colorimeter: 

Readinpr of Unlmown 

Reading of Standard ^ ^ ^ 1000 = mg./lOO e.c. 

Where 0.05 — mg. glucose in 1 c.c. stamlard 0.005 per cent solution 
2 = factor for aliquot of filtrate analyzed 

1000 = factor for conversion of 0.1 c.e. to 100 c.e. blood 


For the visual colorimeter: (standard set at 15 mm.) 




Heading of Unknown 


X 0.05 X 2 X 1000 = mg./lOO e.c. 


Thc.se equations are valid when dilution of standard and unknown are the 
same. If the dilutions dilfer, an additional factor must be used to correct the 
preceding equations. 

If the photoelectric colorimeter is used, tlie results can be made more pre- 
cise I)}’ lainiiiug a blank, wherein 1 c.c. of water is substituted for the filtrate. 
The reading of this blank may be subtracted from all unknown and standard 
readings, or the pointer of the colorimeter may be set at zero wdth the blank and 
all other solution.? road with the colorimeter at tliis setting. The use of the blank 
is impractical with the visual colorimeter, since the depth of color is too small 
for accurate reading. 

DISCUSSION 


The method has been checked carefully for accuracy and reliability. Over 
two dozen .specimens of capillaiy and venous blood liavc been analyzed in dupli- 
cate, and the results were found to check to within ±3 ing. per 100 e.c. 

In studying recovery with this method, 0.1 c.c., samples of pooled venous 
blood were analyzed in duplicate. Simultaneously, 0.1 c.c. samples of a 1:1 
mixture of tlie same blood and 0.1 per cent glucose solution were tested. Values 
obtained agi'eed with the theoretical within the range of -1 to +3 mg. per 100 c c. 

Fermentation experiments were undertaken to ascertain how close the values 
obtained with this method came to “true glucose." The procedure of fermenta- 
tion used was essentially that of Petei's and Van Slyke,* except that a 0 5 c.c. 
portion of the yeast suspension was used for the 1 c c. of filtrate. The findings 
are shown in Table I. 

T.\ble I 

Comparison op *‘True Sugar” Values 


SPECIMEN 

NO. 

OBSERVED BLOOD 
SUGAR VALUE 

FERMENTABLE 

SUOAR 

DIFFERENCE 

1. 

71 iDg./lOO C . C . C9 

+2 

o 

75 

74 

+1 

3 . 

343 

340 

+3 

4. 

254 

262 

+2 

5. 

98 

97 

+1 


Tlie yeast blank wa.s found to give a reading etjuivalent to 1 mg. higher 
tlian the water blank. This correction has been made in the tabulated figures. 

This micromethod was checked against the macromethod from which it was 
mainly devised. For several years the Laboratory of Pathological Chemistry 
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of the New York Post-Graduate Hospital has routinely used Somogyi’s zinc 
filtrate (macro procedure II for the determination of blood sugar by the colori- 
metric technique of Folin and Wuu The results of this combined macrometliod 
were cheeked against the titration method which employs the Shaffer-Somogyi 
Reagent 50.^ Colorimetric procedures have been found more satisfactory for 
routine conditions in a busy laboratory than titrimetric methods, especially those 
involving determination of blood sugar in finger-tip samples. 

Comparison of the macromethod and the micro modification of this method 
were satisfactory. Deviations were both positive and negative, and none ex- 
ceeded 5 mg. These comparative tests were not only run by a single analyst, 
but also by the routine laboratory against the special analyst. 

SUMMARY 

A micromethod for the accurate determination of true blood glucose is 
described. This method is suitable for routine and investigational purposes. 
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THE STANDARDIZATION AND ASSAY OF HEPARIN BY THE 
TOLUIDINE BLUE ^VND AZURE A REACTIONS* 


Alkhed L. Copley, JI,D.,t CTiahlottesville, Va., and David V. Whitney, III, 
B.S,, CiiEAi. E., Kansas City, Ho. 


A Con cclioii 

A n emii' in tlic jiivvious impel' has oceiiTi-ed witli repaid to (he eoiicentratioii 
of toluidiiie blue (TP>) oi- aziii-e A (AA), wliieli eoiicentratioii should he 
ten times more diluted In Hetliod I, it shotild read : -Halte up 1 :10,000 toluidiiie 
blue or azure A hy addiiii; 1.G049 (liii. TB iXU-3) to 1,000 e.c. or 1.1494 Om. 
AA (NAz-7) to 1,000 e.c. of distilled water, and further dilute these couceiitra- 
tioiis of TB or AA ten times in distilled water. In nictliod II, it should read : 
A measured portion of the sample is titrated in a hetilcer with 1:20,000 solution 
of TB or AA made up by adding 0.8475 Oiii. TB (NU-3) to 1,000 c.e. or 0.5747 
Gm. AA (NAz-7) to 1,000 e.c. distilled water, and further dilute these eoneeii- 
tratioiis of TB or AA ten times with distilled water. 

Throughout the whole paper, all the eoiieeiitriitioiis of toluidiiie blue or 
azure A and all quantities given in gamma should read oiie-teuth of the reported 
values. Therefore, in the summary, the correetioii stands : 

5. The eolorimetrie unit of heparin is defined. One unit of heparin de- 
colorizes 15 gamma of 100 per cent toluidiiie blue dye eoiiteiit. This unit equals 
25.4 gamma of toluidiiie blue NU-3 or 17.2 gamma of azure A NAz-7. 


•From the Hlxon Laboratory for Medical Rcscaicli, University of Kansas School of Medi- 
cine, Kansas City, 

tDivision of Research Surseiv, University of Virginia, Cliailottesville, Va. 

>Coploy, A. L. and Wliitnev III, D. V.: The Standardization and Assay of Heparin by 
the Toluidine Blue and Azure A Reactions, J. Lab. & Clin. Mld. 38: 762, 1943. 
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BOOK NOTICES 


Texto de Bacteriologia* 

A ccording to the authors, this book has been UTitten for those who wish to understand 
the science of bacteriology: medical students, graduate students, teclinicians, etc. The 
material covered is divided into two parts: 36 of a total of 60 chapters are concerned with the 
historical background in detail, including biographical sketches of over 150 individuals, and 
the morphology and physiology of the bacteria; the remaining 21 chapters are devoted to 
apparatus and teclmiques. As an example of the thoroughness of this part, the electron mi- 
croscope is considered in detail with reproductions of photographs of cocci, bacilli, and 
spirochetes taken with this instrument. 

One misses in tliis text descriptions of the cultural and morphologic characteristics, 
biochemical and serologic reactions, and the pathogenicity of specific organisms. 

English-speaking students wishing to acquire a vocabulary in Spanish of bacteriologie 
terms will find this book very helpful. 


Clinical Significance of the Blood in Tuberculosis! 

/^NE would wish to write only praise for a work into which enters so much toil and tribute 

by a trust fund. The paper book cover prints praises of authorities. 

The book is vague and is not for teclinicians and is of questionable value for clinicians. 
The bibliography of some 604 references is far from complete. Important contributions on 
the subject made in recent years, which must be known to the author, are omitted. Poorly 
arranged, this book will prove confusing to the uninitiated in the field of blood work, since, 
instead of starting with a discussion of standards, thus laying a groundwork of under- 
standing of what constitutes a normal blood, the author leaves this important subject until late 
in the book. These standards are arbitrarily set up without giving evidence as to rationale. 
Too few illustrations occur. Pictures of the blood cells under discussion are needed for 
practical purposes. 

The chapter (27) on the correlation coefficient is extremely confusing and reveals a 
lack of understanding of higher statistical methods and the valuable assistance these methods 
can give in an investigation of hematological data in tuberculosis. It ignores a paper by 
Boissevain, Eorster, and Good which suggests its foundation. 

The changed leucocytic picture of altitude is neglected. In 1909, in Colorado Medicine, 
Webb and Williams first mentioned the lymphocyte increase in the blood due to altitude. 
This was later presented to and published by the Royal Society in England. 

The increase in platelets in tuberculosis was well known to Osier, who always took the 
blood of a tuberculous patient to demonstrate platelets to his students. Research workers 
have done little to find out the why! Platelets are also increased by altitude. 

Looseness of terms runs through the book. The best chapter deals with the sedimentation 
rate and the importance of securing a normal rate as well as a normal leucocytic response. 

The section of the book devoted to the effect of therapeutic methods, such as pneuiuo 
thorax and thoracoplasty and of exercise on the blood picture, may be valuable to a specialist 
treating tuberculosis. 

Gerald B. Webb. 

•Texto de Bacteriologia. By Arturo Curbelo y Hernandez, and Giraldo Insua Y 
Professors Auxiliar y Agregado de la Catedra de Bacteriologia de la Hscuela de Medicine 
la Universidad de la Habana. Cloth, illustrated w-ith engravings and colored plates, oiu pas 
At. V. Presneda. Habana. Cuba, 1943. 

fClinical Significance of the Blood in Tuberculosis. By Gulli Lindii Mulier. 3I.D.. ^tholo; 
gist and , New Hngland Hospital for Women and Children. Bos ' 

Formerly ■ ;tate Sanatorium. Rutland, Massachusetts. Clotli, 51o 

$3.50. Th. - , New York, 1943. 
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Chronic Pulmonary Disease in South Wales Coalminers* 

*^1118 publication by tlio British Mmlical Bcscaicli Council is entitled to the greatest praise. 

* Forly*tno cases of pnouiiioconiosis in coal miners arc recorded ^Yitll excellent x-ray photo- 
graphs and pictured histologic sections. 

Lou* relative liuiiiMity (deep mines) favored development of pneumoconiosis. 

The lungs contained up to G Gm. of carbon and 2 Gin. of silica^ mostly in the form of 
silicates, of whicli mica was the principal representative. 

The term “dust reticulation” to correspond with x-ray reticulation is suggested to 
take the place of authracosi?. The latter term is imsuited, since the miners’ lungs with 
reticulation have a notable retention of silica as well as carbon. A new word Koniophthisis 
is coined for a distinctive typo of pulmonary tuberculosis modified by dust reticulation. 

Incidence of pneumoconiosis is reported as four times as frequent in anthracite as in 
the bituminous miners, yet 14 per cent of the latter revealed x-ray shadows. Sliould such 
“dust reticulation” types be compensatable as aro those of nodular types the industry will 
bo faced with enormous claims. 

These studies arc well incoTporalcd in a Report on Pneumoconiosis in Tho American 
Journal of Public Health, July, 1943, by the Committee investigating this disease, 

GEn.VLD B. Webb. 


Micrurgical and Germ-Free Techniques! 

Ills is an cxtiemely iutercstiiig and well written book, but it is of little practical value 
^ to anyone outside of this narrow field. Descriptions, illustrations, and references are 
excellent. Tho information in chapters IX, X, and XI, on control of cross infection of air- 
borne nature by various barriers, sliould be carefully neighed by anyone cliarged with design 
or remodeling of hospital nards aud rooms, especially in relation to nursery planning. 

Any student contemplating scientific research might read this book in order to develop 
a concept of what is meant by the term ‘ ‘ scientific method. ’ ’ 


Borderlands of Psychiatry^ 


T ub “Borderlands of Psychiatry” include those diseases uliicli arc treated at times by the 
neurologist, again by the internist, and most frequently by the psychiatrist. Of these Dr. 
Cobb discusses stammering, epilepsy, the psychoncuroscs, aud the psychosomatic disorders. 
Cobb estimates that there arc at least six million persons in this country who are troubled 
witli one of tliese “borderland” disoidcrs. This estimate if anything is a low one. The 
persons with psychoneurotic or psychosomatic disorders alone probably number higher than 
this, if one includes all persons willi subchnical symptomatology. Indeed, one of our major 
medical and public health problems is to study and understand these disorders so that a start 
may bo liad in adequately treating and preventing them. 

In Borderlands of Psychiatry Cobb presents an approach towards these frequently 
neglected diseases which should aid in dispelling much of the looso thinking which has 
centered about them and wliicli has made them in general so poorly understood. This is a 
physiologic approach. Ho emphasizes that a priori acceptance of the validity of the freely 
used dichotomies, “organic and functional,” “mental and physical,” “psychic and somatic” 


•Chronic Failmonary Disease in South Wales Coalminers I. Medical Studies. Privy 
Council. Medical Researcli Council. A. Report by the Committee on Industrial Pulmonary 
Disease B Mcfdical Survey, by P. D'Arcy Hart and E. A. Aslett. with contributions by D. 
Hicks and R. Yates C. Pathological Beport. by T. H Belt with assistance from A. A. Ferris. 
Sixth Edition Paper, 222 pages. 10s. Hia Majesty’s Stationery omce, London. 1942. 

tMlcrurcical and Germ-Pree Techniques. Their Application to Experimental Biology 
and Medicine A Symposium. Edited by James A. Reynicrs, The Laboratories of Bacteriology, 
University of' Notre Dame. Notre Dame. Indiana. Cloth, 274 pages, $5.00. Charles C Thomas, 
Publisher, Sprlngflcld, Illinois and Baltimore, Maryland. 1943. 

tBorderlands of Psychiatry. By Stanley Cobb, M.D., Bullard Professor of Neuro- 
pathology Harvard Medical School, and PsycWalTist-ln-Chief, Massachusetts General Hos- 
pital, Cambridge. Mass. Harvard University Press, 1943. 
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is one of the chief factors leading to confusion in psychiatric and medical thought. He 
suggests that etiologic classification should be based on terms such as “psychogenic,” 
“genogenic, ” “histogenic, ’’ and “ chemogenic/ ’ and states that thereby it may be pos- 
sible to avoid the intellectual pitfalls in which most of us are trapped when considering 
psj^chiatric disorders. He would have us deny the physiologically unsound tenets implied 
in the use of the terms “organic,” “functional,” etc. 

This book, the fourth in a series of “Harvard University Monographs in Medicine 
and Public Health,” is written in a conversational style and contains illustrative case 
histories and many thought-provoking personal views of Dr. Cobb. It can be recommended 
to physicians, medical students, and others for orientation in the complexities of psychiatry 
as it exists today. 


Rabies* 

A VALUABLE arsenal of information concernmg the status of rabies has been made avail- 
able to the practicing pliysician, public health officer, and veterinarian. In the first 
portion, discussion is made of types of rabies, and the author proceeds in a full but rapid pace 
to the technique of laboratory examination. In the second part, all phases of control from 
state level down to the choice and evaluation of vaccine in human prevention are clearly pre- 
sented. Of special interest is the treatment of the perplexing question of who shall take rabies 
treatment. 

The bibliography and footnotes are very comprehensive. The appendix contains the 
meat of ordinances concerning rabies control for the health officer and, also, tables on im- 
mnnizing potency of vaccines for the student. 

Both the physician confronted with a case of dog bite and the health officer in the dilem- 
ma of a rabies epidemic will find rational modi operand! in this book. 


„ '''■ Webster. ai.D.. the Rockefeller In-stitute for Medical Researdi, 

Isew York. Cloth, $1.7o. The Macmillan Company, New York, 1042. 
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PEKSISTENCE OF INFLUENZA VIEUS ON THE HUJIAN HAND* 


Ernestine E. P.vrker, A.B., .vnd W.vbd J. 3iI.\cNe.u,, M.D., New York, N. T. 


T he persistence of potent influenza Yirus in dried extraembryonie fluids of 
infected cliiek embryos reported in a preceding paper’ of this series in conjunc- 
tion with the earlier convincing report of Edward’ regarding the persistence of 
influenza virus on soiled utensils at once suggested the possible agency of the 
human hand in the dissemination of this virus, particularly the hand which 
comes into contact with food and with utensils for serving food. The matter 
has already been studied by Krueger and his associates,’ who observed rapid 
loss of potency in virus deposited on the hand and therefore concluded that 
transmission through this agency is not apt to be an important hazard. 

Because contamination with the bacteria of the sldn was to be expected in 
these experiments it was decided to use white mice rather than embryonated 
eggs in testing for active virus. The mice ranged in weight from 10 to 20 
grams. Some were Swiss mice and others were unspecified white mice from 
dealers in laboratory animals. All seemed satisfactory for the tests. Inocula- 
tion was done by instilling several drops of virus suspension into the nostrils of 
the mouse under light ether anesthesia. A blunt 24 gauge needle attached to a 
tuberculin syringe was used. 

Experiment 1, January 20, 1943 . — ^Influenza virus of the Melbourne A 
strain which had been propagated in embryonated eggs was passed twice in 
series through mice. The lungs of a mouse of the second passage were ground 
and suspended in saline solution, allowed to settle, and the opalescent super- 

•From the Department oC Bacteriology. New Tork Dost-Graduate Medical School and 
Hospital, Columbia University. 

Aided in. part by the Virus Research Fund of the Lambert Pharmacai Company. St. 
Louis, Mo. 

Received for publication, July 1, 1943. 
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nataiit fluid was removed and inoculated directly, without drying, intranasally 
to four mice. All survived to be sacriflced on the ninth day. One mouse showed 
consolidation of three pulmonary lobes (OKj), one had two consolidated lobes 
(QK,), and two had one consolidated lobe (9Ki). Some of the virus suspension 
was dried on glass by spreading 0.2 c.e. of it over the bottom of each of two sterile 
Petri dishes. After remaining dry for twenty minutes the material in one dish 
was taken up in 0.4 c.c. saline solution and inoculated intranasally to four mice. 
These were killed on the ninth day with positive flndings; one mouse had small 
solid spots in the lungs (9K+), one had one lobe consolidated (9Ki), another 
had tivo (9K2), and another had three consolidated lobes (9K3). The material 
dried in the other dish was kept for forty-eight houi’s and then resuspended in 
0.4 e.c. saline solution and given to four mice intranasally. These were killed 
on the ninth day and revealed no evidence of infection (9Ko, 9Ko, 9Ko, 9Ko). 

Experiment 2, January 27, 1943. — A suspension of infected mouse lung in 
saline solution was used. Mrs. R. washed her hands with soap and water, rinsed 
them in running water, then with 95 per cent alcohol, and dried them under a 
sterile cloth for twenty minutes. Then the virus suspension, 0.2 c.e., was spread 
over an area of about 50 sq. cm. on the palm of the left hand, ivhere it dried 
in twenty minutes. At the same time 0.2 c.e. of the same virus suspension was 
spread over a similar area in a Petri dish. After fifteen minutes in the dry 
state, each was resuspended in 0.4 c.e. saline solution and inoculated into mice. 
The four mice receiving material from the hand were killed on the twelfth day 
with the result being I2K3, 12Ki, I2K2, and 12 Kh.. The three mice receiving 
material from the dish were more seriously affected; one died on the fourth day 
with all lobes consolidated, another died on the twelfth day with extensive airless 
portions in all five lobes, and the third was killed on the twelfth day with all 
lobes involved (40^, I2D3, I2K5). 

Experiment 3, February 18, 1943. — Allantoic virus from eggs was used, 
with a titer of 10 '^. iirs. R. washed her hands Avith soap and water, rinsed m 
running Avater for five minutes, and then finally with 95 per cent alcohol. After 
the hands Aimre entirely dry, the A'irus fluid, 0.2 c.c., Avas spread on the palm of 
the left hand AA'here it became dry in fifteen minutes. After a further interval 
of ten muiutes, the area Avas Avashed Avith 0.4 c.c. saline solution to resuspend the 
Aurus, and this material Avas inoculated into three mice. All died on the fourth 
day Avith consolidation in all five pulmonary lobes (4D5, 40 .,, 4D5). At the 
same time the allantoic fluid in portions of 0.2 c.c. Avas spread in each of tAVO 
Petri dishes and alloAved to dry. One of these portions Avas resuspended aftei 
being diy for ten muiutes, and the other after being dry for 200 minutes. Tke 
mouse results Avere 40-, 40^, 5D3, and 4D3, 40,, 4D5, respectively. An end 
point Avas not reached and apparently not CAmn remotely approached. 

Experiment 4, March 2, 1943. — Allantoic virus Avas used. Miss S. Avashed 
her hands Avith soap and Avater, rinsed in running AA’ater for five minutes, and 
then quickly Avith 95 per cent alcohol. After drying by evaporation, each palm 
Avas spread Avith 0.2 c.e. of the Aurus suspension. After drying seemed to have 
been complete for ten minutes, the material on the left palm Avas taken up m 
0.4 c.e. of saline solution, and after forty minutes that on the right palm Avas re- 
suspended in saline. The control on glass Avas made in the usual Avay an 
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taken up in saline solution after remaining dry for forty minutes. The results 
in the mice were as follows : 


Left palm, dry ten minutes 
Right palm, dry forty minutes 
Glass, dry forty minutes 


4D„ 4D„ 4 D 5 

3 D 5 , 5D no autopsy, SD^ 

3D„ 3D„ 5D, 


Each entry shows, fust, the day of death, second, D for natural death and K for 
killed, and, third, the number of pulmonary lobes involved. It is evident that 
the virus remained potent. As a control the normal allantoic iiuid of embryo- 
nated eggs was introduced intranasally into three mice. These were billed on the 
tenth day and their lungs were normal. 

Experiment S, March II, 1913. — iirs. R. washed and dried her hands as 
she would liahitually withoul any extra rinsing. Each palm was spread with 0.2 
e.c. of allantoic virus, which dried after eight minutes. The same virus was 
also dried on glass. Jlice inoculated in the itsual way gave the following results: 


Undried allantoic virus 
Dried on glass forty minutes 
Dried on hand ten minutes 
Dried on hand forty minutes 


4D,,, 6 D 5 , 18IC 
4D„ 5 D 5 , CDs 
41),, SD,, ISK„ 
51),. 5D,, 5D, 


One exceptional mouse apiJcared normal when killed on the eighteenth day 
(I 8 K 0 ). However, it is evident that potent virus persisted in tliis experiment. 

Experiment C, March IT. 1913. — .Mrs. R. washed her bands in the habitual 
manner and rinsed them with very .soapy water which was allowed to dry. Then 
allantoic virus, 0.2 e.c., was siircad on each palm and allowed to diy under pro- 
tection of a sterile clotli. The usual control on glas.s was made. Mice inoculated 
as usual gave the following results. 

Dried on glass forty mimitc.s SD,, SD,, 12K, 

Dried on soapy hand ten minutes 12K„. 12K„, 12K„ 

Dried on soapy hand forty minutes 12 Ko, 12Ko, 1211, 


This result suggested that .soa]) remaining on the skin might be a factor of sig- 
nificance in determining inactivation of the virus. 

Experiment 7, April 37, 1943. — Mrs. E. washed her hands with soap and 
water, followed by rinse in running water for several minutes. Then one hand 
was given a final rinse witli 95 per cent alcohol, and the other was finally rinsed 
in soapy water. The hands were then dried under a sterile towel for thirty 
minutes. Then allantoic viras of titer 10-* was spread, 0.2 e.c. on each palm 
and also as usual on glass. The mice gave the following results : 


Undried virus undiluted 

Undried virus diluted 1 :10 

Dried on glass ten minutes, undiluted 

Dried on glass ten minutes, diluted 1 :10 

Dried on alcohol palm ten minutes 

Dried on soapy palm ten minutes 


3D„ 50,, 10D„ IIK, 
5D„ 11K„ IIK, 

SD,, 7D5, SDj 
5D„ 10D„ lOD, 

11K„, 11K„, IIK, 

11K„, 11K„, 11K„ 


Evidently the vims remained potent on the glass but not on the skin. Possibly 
the low titer of the virus used ( 10 -^ may have been a factor. 
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Experiment 8, Mwy 4, 1943. — ^Mrs. R. washed her hands with soap and 
water and rinsed them in running water for several minutes. Then the left 
hand was given a final rinse with soapy water and the right hand was given a 
final rinse with 95 per cent alcohol. Both hands were held under a sterile cloth 
for thirty minutes, at the end of which time they were thoroughly dry. Allan- 
toic virus, 0.2 C.C., was spread over about 50 sq. cm. on each palm and also on 
glass. The titer of the allantoic virus was found to be at least 10'^ in eggs. Re- 
sults in the mice were as follows: 


Undried virus 

3D„ 

4D„ 

6D, 

Dried on glass thirty minutes 

3D„ 


6D, 

Dried on soapy hand ten minutes 

10K„, 

lOKo, 

lOKo 

Dried on alcohol hand thirty minutes 

lOKo, 

10K„ 

10K„ 


Experiment 9, May 7, 1943. — ^Mrs. R. washed her hands and rinsed them 
thoroughly. The left hand then given a final rinse in soapy water and the right 
hand a final rinse in 95 per cent alcohol. The hands were dried under a sterile 
towel for thirty minutes. Allantoic virus of titer 10'® was spread 0.2 c.c. on 
each palm and dried in seven minutes. After a further ten minutes the virus 
was taken up as usual in 0.4 c.c. saline solution. The usual control on glass 
was made. Results in the mice wei’e as follows ; 


Undried virus undiluted 

5D„ 

5D„ 

lOK, 

Undried virus diluted 1:10 

4D„ 

5D„ 

6D, 

Dried on glass ten minutes, undiluted 

3D„, 

4D„ 

6D, 

Dried on glass ten minutes, diluted 1:10 

4D„ 

5D„ 

5D, 

Dried on soapy hand ten minutes 

lOKo, 

10K„ 

lOKo 

Dried on alcohol hand ten minutes 

5D„ 

7D„ 

7D, 


Experiment 10, May 17, 1943. — Mrs. R. washed her hands as she would 
ordinarily and dried them on a paper towel. Each palm was then immediately 
spread with 0.2 c.c. allantoic virus. The left hand required seven minutes to dry 
and the right hand nine minutes. Controls on glass were made. Results in the 
miee were as f oUows : 


Dried on glass thirteen minutes 
Dried on glass forty minutes 
Dried on right hand fourteen minutes 
Dried on left hand forty-five minutes 


5D„ 5 D 3 
7D5, lOKo 
lOKo, lOKo, lOKo 
10K„ lOKo, lOKo 


Experiment 11, May 20, 1943. — ^Mrs. R. washed her hands as she would 
ordinarily and dried them on a paper towel. Then each palm was spread with 
allantoic virus 0.2 c.c. and both dried in ten minutes. The material was taken 
up from the right palm after a further ten minutes and from the left palm after 
forty-five minutes. The control on glass required forty-three minutes to dry and 
was taken up in 0.4 c.c. saline solution after a further 105 minutes. The original 
virus had a titer of 10'= in eggs. Results in the mice were as follows : 


Undried virus diluted 1:10 4 D 5 , 4 D 5 

Dried on glass 105 minutes 4 D 5 , 4D^, 40^ 

Dried on right hand ten minutes 5D,„ SD^, 8 D 5 

Dried on left hand forty-five minutes 5D,.i, TDj, OD^ 
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In this experiment tliere was persistence of the virus on the skin, even though 
it was an allantoic virus of ratlier low titer. 

Experiment 12, Map 29^ 19-13 . — ^hliss L. washed her hands as she ordinarily 
would and dried them with a paper towel. Tlicn 0.2 c.c. of allantoic virus was 
spread on each palm. Drying required eight minutes. The left palm was 
sampled after seventeen minutes and the right after fifty minutes. The control 
on glass dried in sixty-five minutes and was sampled after a further thirty-one 
minutes. Titration of the virus in embrj'onatcd eggs failed because of bacterial 
contamination. The results in the mice were as follows: 

Dried on glass thirty-one minutes IDj, 4Dj, 5Dj 

Dried on left hand seventeen minutes ID^, 9Dj, SDj 

Dried on right hand fifty minutes ODj, lOK,, lOKj 

DISCUSSION 

Virus suspension made from the lungs of influenza mice used in the first 
two c.xperiments seemed to he of rather low potency and to withstand drying 
very poorly. The lung virus used in Experiment 2 was perhaps slightly more 
active after diying on glass. This virus after drying on the palm of the 
hand also caused infection in all four inoculated mice, but of a milder type. 

Experiment 3, in which allantoic virus was used, gave a strikingly different 
result in that all the inoculated mice died of the infection within five days and 
all with consolidation in all five pulmonaiy lobes. Here the virus evidently 
retained a high potency after being dry on the hand for ten minutes and after 
being dry on a glass surface for 200 minutes. In Experiment 4 the allantoic 
virus remained active forty minutes after it had been dried on the hand. In 
Experiment 5 the hand washed in the ordinaiy habitual way allowed the virus 
to retain its activity forty minutes after being dried on the skin. However, 
when soapy water was allowed to diy on the hands in Experiment 6, the virus 
subsequently dried on the same areas promptly lost its potency. An attempt 
to compare the inactivating effect of soapy skin with soap-free skin in Experi- 
ment 7 miscarried, possibly because of the low titer (10““) of the virus used. 
Repetition with slightly more potent (titer lO'D allantoic virus in Experiment 
8 showed inactivation of the virus on the soapy skin in ten minutes and per- 
sistence of some virus for thirty minutes on the soap-free skin. Experiment 9, 
in which the allantoic virus had a titer of 10-=, gave an even more clearly 
contrasted result, indicating loss of potency on the soapy skin and retained 
potency on the soap-free skin of the same person. The last three experiments 
10, 11, and 12, show peraistcnce of the virus on the hands washed in the 
ordinary manner and dried on a paper towel. Here the active virus could 
still be detected forty-five minutes and fifty minutes after drying had been 
completed. 

Our results are somewhat at variance with those of Krueger and his 
associates. These observers used suspensions of mouse lung infected with in- 
fluenza viruses of the P. R. 8 A strain and the Lee B strain. The hands were 
prepared by washing with soap and water and then held under a sterile towel 
to dry. Apparently special care to remove traces of soap was not exercised. 
Our observations were made with the Melbourne strain and for the most part 
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with virus-infected allantoic fluid, which seemed more potent than the sus- 
pensions of mouse lung which we used at first. Hence the technical methods 
were not identical. 

The results of these drying experiments were somewhat variable and the 
variations cannot now be explained with entire satisfaction. However, the 
persistence of potenc}' in an occasional specimen may be quite adequate to 
serve for ti’ansmission of the disease. We are therefore inclined to the view 
that soiled hands may reasonably be regarded as important for the spread of 
influenza, and especially the soiled hands of those concerned with the prep- 
aration and serving of food. Fortunately the virus of influenza appears to 
be readily inactivated by the ordinary soaps, a fact of importance to those 
who are concerned with the organization and inspection of establishments 
where food is served. 

CONCLUSIONS 

1. Potent influenza virus of the IMelbourne strain may remain active on 
the palm of the human hand for forty -five minutes in the dry state. 

2. The presence of soap solution tends to inactivate the virus on the skin. 

3. Manual transmission of influenza, especially by food handlers, should 
be regarded as a possibility and a real menace. 
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GIANT ORTIIOCHROMATIC ERYTHROBLASTS* 


Their Tiiportance for the Proaiegalokeast and Pronoraioblast Probleji 


Emil IMaro Schleicher, t AIinnilvpolis, I\Iinn. 


E ver since Cohiilieim^ observed large nucleated and nonnucleated hemoglo- 
binifcrous cells in the bone marrow of a fatal case of Addison-Biermer’s 
disease, students of inorjihology have advocated the specificity of these erythroid 
elements (megaloblasts and megalocytos) for this particular disease. Witli the 
advent of intravital bone marrow studies many investigators reported megalo- 
blasts in tile normal adult human bone marrow. Segerdahl,*'' Sabin, and Doan® 
are leading inoponents of the hypothesis that megaloblasts are con.stituents of the 
normal bone marrow. The fir.st worker suggests that the reticulum serves as the 
source of origin of this immature erythroblast, which, according to her, is mor- 
phologically identical with the promegaloblast of Addisonian pernicious anemia, 
whereas the latter investigators derive the cell from the endothelium of “inter- 
sinusoidal capillaries.’’ Introz/a'‘ stresses the origin of the megaloblast di- 
rectly from the reticulum. Mollier'* and KnolP showed that the erythro- 
blast (early pronormoblast) may develop directly from tlie reticulum under cer- 
tain conditions. Downey* believes that normally the myeloblast of Naegeli^® 
gives rise to the iironornioblast. Jones^ adlicre.s to the liypotliesis that the pro- 
normoblast as well as the promegaloblast of Addisonion pernicious anemia is 
derived from the niyololiln.st. Nordenson” proposes tliat both the pronormoblast 
and the megaloblast are derivatives of the reticulum. Rohr^® favors the origin 
of the erythroblast from undifferentiated mesenohymal cells, thus being in ac- 
cord with Naegeli's hypothesis. Rohr points out that the very young proery- 
throblast (early pronormoblast) is difficult to separate from the myeloblast. 
Dame.shek and Valentine® state that “cells resembling the more mature megalo- 
blasts are occasionally seen in conditions other than pernicious anemia.” It is 
likely that the latter investigators observed giant orthochromatic erythroblasts. 

In my own collection of normal human hone marrow obtained by sternal 
puncture the earliest recognizable erythroid cell “early pronormoblast” has a 
round reticular nucleus with its chromatin arranged similar to that of the 
myeloblast. The chromatin, however, is more coar.se, and the parachromatin is 
thus more conspicuous as in the latter cell. The nucleus contains from one to 
several fairly distinct light blue nucleoli. A more or less well-developed peri- 
nuclear “Hof” encloses diffuse, fine-to-coarse granular oxyphilic protein, 
easily seen when the bone marrow is prepared and stained according to a method 
published elsewhere.^* The cytoplasm is not abundant, generally sho^ving from 
one to several cytoplasmic processes, and it ranges in color from light to medium 
blue. This early erythroid cell is derived directly from the reticulum and is 
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morphologically neither identical with the promegaloblast nor is the cell dif- 
ficult to distinguish from the myeloblast. 

It is absolutely essential that the proper name be applied to early erythroid 
cells, because the type of erythroblast present in the bone marrow determines 
therapeutic measures, and a loose application of terminology must obviously 
lead to misinterpretation of the mechanism of normal and pathologic erythro- 
genesis. Por example, Schulten^® believes that the pronormoblast develops into a 
large hemoglobiniferous erythroblast (megaloblast) because of a lack of the anti- 
pernicious factor (hematopoietin). According to Sabin, Doan, Segerdahl, and 
others, megaloblasts increase in number because of the disturbance in the produc- 
tion or utilization of the antipernicious factor. Megaloblastosis is thus the ex- 
pression of a maturation arrest. It is felt by most students of morphology that 
the megaloblasts, or any one of their later maturation stages, are neither con- 
stituents of the normal bone marrow nor are these cells products of faulty differ- 
entiation of already well-differentiated cells such as the early or late pronormo- 
blast. 

Megaloblasts are pathologic cells and indicative of a specifically altered 
physicochemical state of the reticulum. The early promegaloblast is derived 
directly from a diseased reticulum, and this mode of origin accounts for the 
characteristic morphologic features of the cell. 

Certain workers believe that it is not possible to separate the early promeg- 
aloblast from the early pronormoblast and thus have adopted the size of the 
oxyphilic erythroblast as the criterion for separating Addison-Biermer’s disease 
from other entities. The size of an erythroblast does not determine the diagnosis 
in spite of the fact that in Addison-Biermer’s disease oxyphilic erythroblasts 
generally range in size from 12 to 27 microns. That giant orthoehromatie 
erythroblasts are not specific to the bone marrow of cases suffering from ex- 
treme exacerbation of Addison-Biermer’s disease will be shown below. Two 
eases are presented in which the aspirated sternal bone marrow contained 
numerous giant orthoehromatie erythroblasts, although their etiologic factor 
differed. Thus the fallacy of using the size of an orthoehromatie erythroblast 
as a pathognomonic critei’ion in the diagnosis of Addison-Biermer’s disease is 
apparent. 

It is the purpose of this paper to show how two bone marrow lesions were 
misinterpreted and therapeutic measures misguided through (a) lack of appre- 
ciation of the type of early erythroblasts present, (b) misconception of the 
variability and nature of one of the lesions, and (c) misuse of the term "megalo- 
blast.” 

If megaloblasts are part of a given bone marrow pattern, their presence 
means only one thing; "Addison-Biermer’s disease” (Addisonian pernicious 
anemia), or a biologic variation of this complex hereditary disease. Only by 
adhering to the fundamental morphology of the early erythroblasts one may 
hope to learn something about the pathologic physiology of diseases affecting the 
bone marroiv organ. 

Case 1. — male, 79 j-ears old, complained of extreme rveakness and pain in the hack 
on bending over. With the exception of an unexplained anemia, physical findings nere 
essentially negative. The peripheral blond status revealed hemoglobin 48 per cent; red 
cells, 2,300,000; white blood cells, 4,000; mean corpuscular diameter, 8.4 microns. His priva 
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physician performed a sternal aspiration and submitted the bone marrow smears to a patholo- 
gist for interpretation. Because of tlio presence of numerous “large oithochiomatic erythro- 
blasta“ in the bone marrow, the lesion was interpreted as eharaeteristie of Addisonian perni- 
cious anemia. The patient received 10 units of liver extract daily for twelve days without 
benefit. The dose of liver extract was changed to 30 units twice weekly for five weeks. 
Patient failed to respond and was hospitalized in a moribund condition. Sternal bone mar- 
row ^Yas obtained, and a study of the peripheral blood was made on the day of admission. 

The bone marrow preparations showed numerous “giant orthocliromatic erythroblasts ’ ' 
(Fig. IC), which exceeded tlio early and late pronormoblasts (Fig. lA) in number, the ratio 
being about 4 to 1. The diameter of these giant erythroblasts ranged from 15.8 to 39.6 
microns. The cells appeared to have a normal quota of hemoglobin. The nuclei were either 
lobulated, fragmented, or consisted of from five to eight deeply staining masses of irregular 
size. Some of tho nuclear masses ivore connected by fine chromatin strands. In the ma- 
jority of the cells the nuclear masses were eccentrically located as shown in Fig. 1(7. TJiese 
giant erythroblasts could bo traced to the reticulum by means of many intermediate cells. No 
cells were observed that showed the morphology of the mcgaloblasts of iVddison-Bievmer ’s 
disease. Many monocytoid reticulum cells were present cither in small syncytia or as free 
cells which varied considciably in size. Tho morpliologic patterns of tho cells were distinctly 
pathologic. The bone marrow lesion was classified as belonging in the gioup of malignant 
lymphomata. Multipolar mitosis was not observed. 

The peripheral blood showed; reticulocytes, 1.8 per cent; hemoglobin, 3.8 grams; red blood 
cells, 1,410,000; white blood cells, 3,200; hematocrit, 15 c.c. of packed red cells. For one 
hundred leucocytes there weio eight oxypliilic erythroblasts ranging in size from 11.4 to 13.8 
microns. Icteric index was 8 units. Gastric expression (alcohol-bistamins test) showed no 
free liydroclUorie acid. Examination of tho bone marrow preparations made from the fiist 
sternal aspiration showed practically the same pattern as described above. Liver therapy thus 
did not alter tho bone marrow lesion. Post-mortem examination revealed masses of various 
size in tho nicsentary. Tho tumors were made up of lymphoid tissue. Histologic diagnosis 
was “reticulum cell sarcoma." 

Cass 2. — A male, 82 yeais old, was admitted to the hospital in a moribund condition. 
Two months previously a sternal aspiration had been don© by his private physician, and the 
bono marrow smears wore submitted to a pathologist for interpretation. The striking feature 
in the preparations was the presence of a conspicuous number of very largo “oxyphilic 
mcgaloblasts." Because the interpreter observed a lack of a diffuse basophilic megalo- 
blastosis ho believed the pattern to be the expression of some kind of malignant lesion 
(erythroleucemia). At that time tho peripheral blood showed: reticulocytes, 0.3 per cent; 
liemoglobin, 5 grams; red blood cells, 1,560,000; white blood cells, 5,900, The blood smear 
showed a small number of erythroblasts in various stages of maturation. The patient re- 
ceived x-ray therapy over his slightly enlarged spleen. This treatment was reinforced by iron 
therapy. After the second x-ray treatment tluj patient failed to return to his physician. For 
three months previous to lus hospitalization he was on a poor diet and without any kind of 
medication. On admission, a sternal aspiration was done. The prepaiations showed many 
“giant oithochiomatic erythroblasts" (Fig. ID) outnumbering the early and late basophilic 
erythroid cells in a ratio of about 3 to 1- The diameter of the giant erythroblasts ranged 
from 16 to 38.9 microns. The cells appeared to have a normal quota of hemoglobin. The 
majority of the giant cells showed a single round or oval nucleus. In others the nuclear mass 
consisted of three to seven more or less deeply staining nuclei eccentrically located. Thus 
the giant orthocliromatic erythroblasts were morphologically identical to those observed in 
Case 1. An additional feature was the tendency toward multipolar mitosis in the early 
erythroblasts. Several giant orthochvomatie erythroblasts showed mitotic figures. By means 
of many intermediate cells the giant orthochromatic erythroblasts could be traced to the 
reticulum. The early and late basophilic erythroid cells sliowed the ehaiacteristic nuclear 
pattern of the “mcgaloblasts" of Addison-Biermer^s lesion of the bone marrow (Fig. IB). 
In a recent paper by Jones, the morphologic, physiologic, cliemical, and biologic distinction 
of megaloblasts is reviewed in detail, and, therefore, a description of the mcgaloblasts is 
omitted. In addition, the myeloid cells showed the pathologic maturation pattern described 
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by Tempka and Brauni" and Jones.'^ The bone marrow lesion was classified as a unique 
variation of Addison-Biermer ’s disease. Examination of the peripheral blood showed: 
reticulocytes, 1.8 per cent; hemoglobin, 2.5 grams; red blood cells, 880,000; white blood cells, 
1,900; mean corpuscular diameter, 9.5 microns; hematocrit, 12 c.c. of packed red cells; icteric 
index, 10. Gastric expression (histamine test) gave no free hydrochloric acid. The, blood 
smear showed the characteristic pathology of the afore-mentioned disease. There were four 
oxyphilic erythroblasts with pyknotic nuclei among one hundred leucocytes. The erythro- 
blasts ranged in size from 10.7 to 13.8 microns. 

Patient expired a few hours after admission. Post-mortem examination revealed nothing 
remarkable. Weight of spleen was 2-10 grams. Final diagnosis was: advanced Addison- 
Biermer’s disease (aplastic pernicious anemia). 



Pig. 1- — A, Early pronormoblast (Case 1). B. Early promegaloblast (Case 2). C, Giant 
orthochromatic erythroblast aiul orthochromatic macronormoblast in left upper corner (Case i;* 
D, Giant orthochromatic erythroblast (Case 2). 


The histologic preparations of the post-mortem bone marrow showed several 
features of interest. There was a eonspieuons number of Hedinger-Askanaz) 
lymph follicles without germinal centers. Many of the collecting sinuses were 
markedly distended, thus giving an angiomatous appearance. The “Uferzellen' 
(reticulum cells lining the sinuses) were swollen and the nuclei were more or 
less pyknotic. Extensive reduction of hematogenic tissue and various degrees 
of sclerosis of the large- and medium-sized blood ve.ssels as well as small areas 
of fibrosis, necrosis, and gelatinous transformation of fat were observed. I” 
some of the sections made from material removed several centimeters away from 
the puncture, pools of blood were present, seemingly being the result of rup- 
tured sinuses. Many megaloblastic islands were observed. Some tributary 
sinuses contained from a few to many polj’ehromatie and orthochi’omatic giadt 
erythroblasts, whereas the collecting sinuses contained only the small-sized 
oxyphilic erythroblast observed in the peripheral blood. 


SCHLEICHEK. GIANT OttTHOCHUOMATIC EKVTHROBLASTS 


131 


DISCUSSION 

Intravital hone marrow studies arc becoming more and more important in 
clinical hematology. The value of such studies, however, is proportional to the 
discrimination of the finer structural differences of the nuclei of the immature, 
that is, early bone marrow cells, by the examiner. Failure to appreciate these 
differences has led to much confusion with respect to the type of erythrogenesis 
present in the normal and pathologic human bone marrow. While on the surface 
the promegaloblast, pronormoblast, and giant orthochromatic erythroblast prob- 
lem apiiears to he of academic interest, yet the type of erythrogenesis present 
in the hone marrow determines the therapeutic measures. 

Generally it is true that the orthochromatic megaloblast of Addison-Bier- 
mer’s disease exceeds in size the definitive oxyphilic maeronormoblast, hut it 
could be shown that neither large nor giant orthochromatic erythroblasts can be 
used as a means of separating Addisoii-Bicrmer’s disease from other clinical 
entities, because both types may be produced in the hone marrow by diseases 
other than that just cited. Furthermore, the assumption that the early and late 
basophilie megaloblasts in untreated cases of Addison-Biermer’s lesion dominate 
the polychromatic and oxyphilic erythroblasts does not hold in all cases. Thus 
it is easily seen that neither criterion is sufficiently constant to be diagnostic, 
lixamination of several thousand hone marrow preparations representing a 
large range of diseases affecting the hone marrow organ revealed the fact that 
the most reliable criterion of the type of erythrogenesis present is the nuclear 
pattern of the early erythroblasts. 

A comparative study of the first and second bone marrow biopsy of Case 
1 showed that the liver therapy did not appreciably alter the hone marrow pat- 
tern.* Whether or not in Case 2 a timely administration of proper antianemic 
therapy would have had any beneficial effect on the pathologic state of the 
reticulum one may only guess. Attempted revitalization of a bone maiTOw that 
has undergone extreme physicoclicmical alteration complicated by irreversible 
lesions has met with failure in the few cases I have studied. 

In both cases the early erythroblasts were derived from the reticulum, and, 
as can be clearly seen, each cell type shows a characteristic nucleus. The point 
of view of certain other investigators that the early promegaloblast and pronor- 
moblast are not distinguishable is thus not valid. The giant orthochromatic 
erythroblasts were morphologically identical, but their precursors were different. 

It is thus assumed that in cither case the reticulum was differently affected 
because of the dissimilarity of the etiologic factor, leading on one hand to the 
production of pronormoblasts and, on the other, to the proliferation of pro- 
megaloblasts. It appears that a common mechanism was at work in the pro- 
duction of the giant orthochromatic erythroblasts, the nature of which, how- 
ever, is conjectural. In none of the examined bone marrow preparations was 
I able to observe transitional stages between promegaloblasts and pronormo- 
blasts, that is, the former giving rise or developing into the latter cells, or vice 

*Dr Hal Downey has In his collection a bone marrow from a case of leucenilc retlculp- 
endothellosla that shows giant orthochromatic erythroblasts morphologically identical with those 
of Cases 1 and 2. 
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versa. This fact substantiates the opinion of those who believe- that Addison- 
Biermer’s disease affects the reticulum rather than the maturation of already 
well-differentiated cells. 

It is assumed that nonnally reticulum cells go through an “inert” phase. 
During this latent stage one or more components of the hematopoietin exert 
their action upon the cells directing differentiation toward a specific cell tjTe- 
Absence of one or more of these substances permits other factors to come into 
play, and such a faulty equilibrium between the bone marrow reticulum and 
the organs that control its normal function leads, for example, in Addison- 
Biermer’s disease to the proliferation of promegaloblasts. The giant orthochro- 
matic erjdhi’oblastosis is interpreted as the expression of a defunct reticulimi. 

SUMMARY 

1. Two cases are reported which showed in the aspirated bone marrow 
numerous giant orthochromatie erythroblasts. Both eases were misdiagnosed 
because of a preponderance of these cells. Case 1 was afflicted with a reticulum 
cell sarcoma and Case 2 suffered from Addison-Biermer’s disease (Addisonian 
pemieious anemia). 

2. Giant orthochromatie erjdhroblastosis is not diagnostic of any specific 
disease. The phenomenon is the expression of a defunct reticulum. 

3. The nuclear pattern of eaidj' eiythroid cells, pronormoblasts and pro- 
megaloblasts respectively, is the only reliable means for judging the character 
of the erjffhrogenesis. 

4. The early erythroblasts in either case were derived directly from the 
reticulum and showed characteristic nuclei. 

5. The giant orthochromatie erythi’oblasts could be traced to the reticulum 
by means of intermediate cells. They were restricted to the bone marrow. Their 
moi’phology is described and illustrated. 

I ■wish to thank Dr. G. E. Fahr, Head of the Department of Medicine, Minneapolis Gen- 
eral Hospital, for his permission to publish the hematologic data of the cases presented here, 
Dr. Hal Do'svney for his kindness in permitting study of his case of leucemic reticulo-enuo- 
theliosis and for editing the manuscript: Dr. B. A. Sharp. Director of the Department of Clinical 
Investigation, Parke, Davis and Company. Detroit, Mich, for his interest in the anatom}, 
physiology, and pathology of the bone marrow organ. The photomicrographs were made oy 
Mr. H. W. Morris, campus photographer. 
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ADDENDUM 

AVhile tliis paper was in press, an article appeared in the Arch. Path. 36: 
127, 1943, by Liiuarzi, L. R., and Levinson, S. A., in which the presence of giant 
orthochromatic erythroblasts in the aspirated sternal marrow was reported. 
The patient apparently had a cancerous lesion of the bone marrow organ. 



THE ANTIBACTERIAL EFFECTS OF VARIOUS ACRIDINE 

COMPOUNDS* 


(r. R. Goetchius, M.S., AND C. A. Lawrence, Pn.D., Rensselaer, N. V. 


F ollowing the demonstration of the antiseptie value of the acridine deriva- 
tives by Browning and Gilmour* in 1914, several of these compounds, namely, 
acriflavine and proflavine, were successfully used during World War I in the 
treatment of wound infections. Since that time, however, interest in such com- 
pounds has gradually diminished, and until ([uite recently their use for the treat- 
ment of wound infections has been largely abandoned. This lack of interest 
during recent year’s is perhaps explainable, in ])art, by the impetus given to 
studies of sulfonamide derivatives by Domagk, who demonstrated thiit striking 
therapeutic effects may be obtained in systemic infections following medication 
with the various sulfa drugs. 

Although the sulfonamides have proved to be of umiuestionable benefit in 
chemotherapy of many systemic bticterial infections, they have certain drawbacks 
as agents for rapid and effective healing of surface wounds.'-'^ The members of 
the acridine group which show antiseptic activity in high dilutions against the 
majority of pathogenic bacteria are also nontoxie in these same dilutions to mam- 
malian tissues and do not suppress phagocytosis.*' Furthermore, their activity 
is unaffected by the presence of serum or organic matter.' 

In a previous report® from these laboratories there was submitted evidence 
of the comparative in vitro effects of sevei’al acridines upon gram-negative bac- 
teria of the colon-typhoid-dysentery group. The present communication presents 
data on the in vitro effects of these and additional acridines upon Staphylococcus 
aureiis $209, beta hemolytic streptococcus JC — 203, Streptococcm viridans, 
Streptococcus agalactiae, Types I, II, and III pneumococci, Bacillus pyocyaneus, 
Clostridium welchii and Vihrion septique. 

The compounds studied, together with their corresponding pH values in 
distilled water and broth, as determined bj' the glass-electrode potentiometer, 
are listed in Table I. 

siethods 

A 1 :1,000 dilution of each compound was prepared in a beef infusion 0.15 
per cent dextrose broth of pH 7.4. A medium consisting of 1 per cent bacto- 
tryptone, 1 per cent neopeptone, and 0.15 per cent dextrose in distilled water 
and sealed under vaseline was used for the anaerobes. Serial dilutions through 
1 :512,000 were made in the same media. The tubes containing the drug dilu- 
tions and control broth tubes minus the drug were autoclaved at 10 pounds 
for 10 minutes. Each tube of a dilution series was then inoculated with a loop- 
ful of a 24-hour broth culture of one of the test organisms. 

•From the Research Laboratories, Winthrop Chemical Company. Inc. 

Received for publication, July 14, 1943. 


134 



GOKTCHIUS AND LAWRENCE: ACRIDINE COMPOUNDS 


135 


Table I 


xo. 

COilPOUN'D 

CHEMICAL FORMUIA 

pii OF 1:1,000 
DILUTION' 

WATER BROTH 

1. 

Acrifiavine 

3,6-diamino-acridine-lO-DiethochIoride* 

bydrocliloridc 

5.0 

7.4 

2. 

Proflavine 

5,()‘diaDiiQo-acridiuc-!iydrocbIoride 

2.0 

7.4 

3. 

Itivnnol lactate 

2-ethoxy-6,9-diamino*acridine-lactate 

5.6 

7.4 

4. 

Rivanol-azo-sulfanilamide* 

2-ethoxy>l>,9-diaiiiino-acridine>azo- 

sulfanilamide 

4.0 

7.4 

0. 

Rivanol-azo-sulfatliiazole* 

2‘Ctboxy'G,0-diamino-acridinc-azo- 

sulfathiazole 

3.5 

7.4 

(3. 

.\tabrine dihydrochlorifie 

3-chloro*7-m€tlioxy*9{l-niethyb4- 
diothylamino-butylamino) -acridine* 
dihydrocbloridc 

5.3 

7.4 

'• 

Atabrine dilactate 

3-cbloro-7-metlio.Yy*9(l-methyb4-dielbyl- 

aminO‘butyIaimQo)*acridine-dilactate 

6.2 

7.4 

S. 

.t.tabrine dimctliatie&ulfonate 

3*chloro*7-methoxy-9*(l-methyl-4-diethyl- 
ammo-butyIamino)-acridine'dimetbane- 
sulfonate ' 

5.G 

7.4 

9. 

Acranil 

3-chloro-7-inethoxy-9(2-bydroxy*3- 
dicthylaniino-propylamino) -acridine* 
dibydrochloridc 

5.2 

7.4 

10. 

Xeo*acranil 

3*chloro-7-mcthoxy-9(2-bydroxyethyl- 

amino-etl»ylanjino)*acridine-dibydro- 

chloride 

5.1 

7.4 

IV. 

Entozon 

2,3-dim«tUoxy-fi-nitto-9t2-Uydroxy*3- 
diclhylamino-propybimino) -acridine- 
diitydrochloridc 

4.4 

7.4 


*Thc RlvuuoNazO'Sulfonumldes were klmlly supplied by Dr. Frederick Proescher. San 
•lose. CalironiU. 


The tubes were incubated at 37® C. and examined for visible growth after 
24, 48, and 72 houre. Lack of growth after 24 lioui-s was considered evidence 
of bacteriostasis. Tubes which failed to show growtli after 72 hours were 
tested for bactericidal activity by transferring 3 loopfuls of the drug-organism- 
broth mixture to a broth medium lacking tlie drug. Failure of growth to ap- 
pear in the subculture tube was taken as evidence of bactericidal action on 
the part of the drug in the original medication tube. The results of these 
studies are presented in Tables II and III. 


In summarizing the data given in the tables, we note that acrifiavine, pro- 
flavine, rivaiiol lactate, and rivanol-azo-sulfauilamide give comparable bacterio- 
static and bactericidal effects. Differences in the degree of effectiveness be- 
tween any two of the above compounds upon the same test organism seldom 
involved more than tuo serial drug dilutions. Although the remauung acri- 
dines exhibited definite antibacterial properties, they were, in general, some- 
what less effective than the first four compounds mentioned. The suscepti- 
bility of Cl. welchii and V. septique to the acridine compounds was of the same 
order as that of the gram-positive cocci. Much higher concentrations of the 
drugs were required, however, to inhibit the growth of B. pijocijiineus. 

Unlike sulfonamide activity in vitro, which is generally recognized to be 
merelv a bacteriostatic effect, the acridines used in tliis investigation exliibited 
a close correlation in the concentrations showing both bactericidal and bac- 
teriostatic properties. 
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CONCLUSIONS 

Upon the basis of the experimental evidence presented in this report the 
following conclusions may be drawn. 

1. Two acridine compounds, rivanol lactate and rivanol-azo-sulfanilamide, 
compare favoiably in their antibacterial actions in vitro to acriflavine and 
proflavine. 

2. Several atabrine salts and other acridine derivatives were found to e.xert 
definite bacteriostatic and bactericidal effects upon several of the organisms 
studied. 

3. The mode of action of the acridines was found to be largely one of bac- 
terial de.struction lather than merely inhibition of growth. 
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GENERAL CONSIDERATIONS ON PATHOGENESIS: SYPHILITIC 
aortitis, MYOCARDITIS, HEPATIC CIRRHOSIS* 


Rudolf Jaff6, IM.D., Caracas, Vknkzuela 


T his paper presents a consideraliou of the possibility that allergic phe- 
nomena play a part in the devolopinent of certain diseases prevalent in 
Venezuela. Syphilitic aortitis, chronic myocarditis, and licpatic cirrhosis linve 
certain clinical and pathologic features which provoke this discussion. 

SYPHILITIC AORTITIS 

The cyclc.s of manifestations of sypliilis are well known. In successive 
stages, tlie lesions increase in destructiveness, and in tlic tertiary stages, when 
the patient is sensitized and allergic, this is especially conspicuous. In Vene- 
zuela, as in otlier regions, syphilitic aoititis is laore frequent than are gummas 
in other organs. 

Syphilitic lesions were found in about 17 per cent of all autopsies and were 
the cause of death in more than 50 per cent of this grouj). The ratio of males 
to females was 4.0 to 1 as compared witli 1.7 to 1 in tlie nonsyphilitic patients 
This may be due to greater disjmsition of women to follow courses of treatment 
faithfully. In 500 ca.ses of syphilitic aortitis, that lesion was tlie only morpho- 
logic evidence of syjdiilis in most of the eases. In less than 10 per cent of these 
cases were other organs involved. This material is especially suitable for study, 
because intimal arteriosclerosis is- rare among the ])coplc of Venezuela and seldom 
offers a complication of the picture, ilarkcd arteriosclerosis is not frequent even 
in the aged. In contrast, syiihilitic aortitis is common and is frequently observed 
in young people. Indeed it is not rare for death to ho due to perforation of an 
aortic aneurysm in patients in the early twenties 

Topographically, syphilitic aortitis presents certain peculiarities. The site 
of predilection is the first part of the ascciidiiig aorta. The process sometimes 
involves only the ascending aorta, but may extend to the abdominal portion. 
Frequently, in contrast to tlie appearance as noted in the study of tlie aorta 
in Europe, tlie line of demarcation between the diseased and normal parts is no» 
abrupt but fades gradually. In other cases, the condition is limited to the ab- 
dominal portion, occasionally involving only a single i.solated area. Tlie gross 
characters of the lesions arc similar to those usually described: roughening of 
the iutima, with irregular, stellate or longitudinal puckerings, and elevated, 
opaque, white, porcelain-like plaques. 

The liistologic picture in general is that usually seen. Cellular infiltrations 
are present in the adventitia, partieulaiiy around tlie vasa vasorum, and accom- 
pany these vessels into the media, whei*e larger accumulations of cells and foci 
of necrosis of muscle and elastic fibei-s often occur. 

•Fioni the SerslCio .t-uatomo-Patologo Ael Ho^pltil VaiRAS. 

Ilecelvetl for publication, July H. 1013 
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Entirely independent of these more familiar lesions are the microscopic 
changes in the intima. These consist of patchy plaques of relatively acellular 
homogeneous material along the intimal surface. These placpics are almost color- 
less in hematoxyliu-eosin stain, Avheroas Avith the van Gicson technique they are 
pink or somewhat more red in later stages. At these sites the thick Avavy band 
of the internal clastic membrane is missing, thus forming gaps in the membrane. 
No elastic fibers are detected in these intimal lesions, unless there be newly 
formed fibers in old healed cases. In some instances, there may be an indistinct- 
ness or complete loss of the elastic fibers in the inner media. 

The question arises as to hoAv such different lesions have developed. I 
believe Avith Benda that the infiltrations in the adA’entitia and media are gum- 
matous, produced by the effects of the spirochetes in situ, the actual presence 
of Avhich in such lesions has i)ecn demonstrated in several instances. This 
explanation is not applicable, hoAveA-or, to the lesions of the intima, since in- 
flammatory features are alisent. That the reaction is a compensatory hyper- 
plasia of the tis.suo seems unlikely, hiasnuich as sucli plaques have been ob- 
seiu’ed in the absence of any defect in the media. Rather, it seems to me 
that these intimal tbiekeuing.s as avcII as the alterations of the elastic mem- 
brane are the result of an allergic process. Similar changes in the aortic 
intima have been observed in other- allergic conditions. 

The sequence of development may be outlined Irriefiy as folloAvs: During 
the acute syphilitic infection, Avitli Avidespread invasion of the human body 
Avith spirochetes and with progressive multiplication and death of the organ- 
isms, the body becomes sensitized. During the subsequent stages, Avith the 
reactivation of the infection, ncAV spirochetes in minor mnnbers lodge here and 
there in the Avail of the aorta and set up an allergic reaction in the tissue. 

The opinion has at times been expressed that, since the use of arspheu- 
amine in the treatment of sypliilis, tire freqiicnej' of .syphilitic aortitis has 
increased. Local sypliilologists belicA'c that the great number of cases of 
syphilitic aortitis in Venezuela may be the result chiefly of inadequate treat- 
ment and that such treatment is more dangerous than no treatment at all. 

These beliefs are tenable in the light of my explanation of the genesis of 
the lesions. During the treatment Avith arspheiiamine many siiirochetes are 
killed in a brief period of time and thereby tbe human body is definitely sen- 
sitized, Some spirochetes, howoA'ei', remain alive, though dormant. Who“ 
reactivated, they excite an allergic reaction, and produce the features de- 
scribed above. Syphilitic aortitis must then he regarded as the result of a 
combination of the reactions caused locally by the reactivated spirochetes them- 
selves and of the allergic reactions. 

CHRONIC JIYOCiVKDITIS 

The term "myocarditis” is used here to denote only the condition of actual 
inflammation of the myocardium. Myocarditis has been observed remarkably 
frequently in the material at my disposal in Venezuela. It has been diagnose 
in more than 15 per cent of the autopsies and has been the cause of death in 
tAvo-thirds of these cases. About 450 cases of myocarditis have been prove 
histologically. 
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Numerous cases have presented the tyjjical clinical picture of progressively 
developing insuflieieney of the heart, leading to death within a few months., 
although the earliest symptoms had appeared one or two years previously. 
In striking contrast, other cases liavo occurred in apparently healthy young 
persons wlio suddenlj’ dropped dead at their work or on the street. Such 
extremes in variation in the course of the disease are impressive. It is diffieult 
to understand how persons with such serious cardiac damage have remained 
symptom-free, only to die so suddenly. From a careful investigation of 165 
such cases, it is concluded that there is a causal relation between the myo- 
carditis and the sudden death. In fact, in 1113' series of cases, myocarditis has 
proved to be second only to perforated aortic aneurysms as the cause of sud- 
den death. 

The anatomic pictui*e in all these cases of m3'oearditis is so uniform both 
macroscopicallj’ and microscopieall3' that no morphologic classification is pos- 
sible, The hearts in general arc more or less dilated, often enormously dilated, 
without displa3’iiig a corresponding degree of hyportroph}'. The dilation may 
affect the entire heart uniformly or 11103’ be greater on one side or the other. 
Only rarel3’, actual dilation is lacking and the heai’t is merely flabb3’ or re- 
laxed. In such instances tlie m3’ocardium appear.s dull and “parboiled” and 
sometimes is spotted or streaked with smaller or larger scars. 

Histologically, the changes vary greatly as to sites of involvement and 
slightly as to degree and qualit}*, dependent upon the intensit}’ and duration 
of the process. The cellular infiltrations consist chiefly of 13’mphocytes, some- 
times plasma cells and large mononuclear cells, frequently eosinophilic leuco- 
cytes, but rarely polymorphonueiear neutrophils. TJiese areas of infiltration 
are more or less circumscribed but are not sharply demarcated from the sur- 
rounding normal tissue. Thc3’ vary in size and numbers and tend to accumu- 
late in the subepicardial and subendocardial regions. Cases in which the 
cellular infiltrations are limited entirely to these regions have not been in- 
cluded in the group of myocarditis. 

In other instances collagenous fibrous connective tissue is increased Iocall3’ 
in larger and smaller areas. In these regions a certain number of muscle fibers 
are missing and have been replaced by 3'oung connective tissue, in which the 
same cellular infiltrations are present. Finally, there arc extensive large scars. 
The entire muscle tissue may at times appear edematous and the muscle fibers 
cloudy; rarely, there arc focal areas of fineb’ granular and fatt3’’ degeneration. 
On the other hand, in some of these cases, the muscle fibers show fatty de- 
generation and cloudy swelling without any alterations in the interstitial tissue. 

The lesions described are not specific, in no way suggest the etiology, and 
permit no classification into various subgroups. An attempt was made to cor- 
relate the myocarditis with other diseases. It was found that in 44 per cent 
of the cases syphilis was also present; in 48 per cent there was schistosomiasis; 
and in 28 per cent there was ankylostomiasis. Thus in some, namely 28 per 
cent, there was more than one disease. In our total autopsy material, these 
diseases appeared in 17, 18, and 7 per cent respectively. Thus the association 
with myocarditis is not merely a matter of chance. There is probably a causa- 
tive relation. About 10 per cent of the cases of myocarditis were not asso- 
ciated with any of these three diseases. 3Iost of them accompanied sepsis or 
other infectious diseases. 
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In order to gain some understanding as to the uniformity of the changes 
in chronic myocarditis associated with syphilis, schistosoniia.sis, and ankylos- 
tomiasis, a brief consideration of myocarditis as it occurs in othei- geographic 
areas is worth while. 

Myocarditis has been oliserved in vai’ious infectious diseases, in the ma- 
jority of these instances the organisms pi-oduce local alterations in the tl.ssue. 
In others, however, as in diphtheila, the presence of oi-ganisms in the myo- 
cardium cannot be proved and the alterations must be in JX'spojise to the 
action of toxins. In a large group of eases of myocarditis, called by varioms 
terms such as “isolated myocarditis” or “h’iedler’s myocarditis.” the cause 
remains uncertain. Pui’ely chemical poisons, !is illuminating gas (with its 
carbon monoxide), and several sulfonamides (French and Weller) pi-oduce 
alterations in the myocardium similar gro.ssly iiud microscopically to the forms 
above described. In some ])arasitie diseases, as trichiniasis, myocardial changes 
are frequent, even when the pai'asites cannot be found in the myoeai’dium. 

In the well-known books and reviews (e.g., Monckeberg; Saphir), attempts 
are made to .subdivide the mjmearditides on an etiologic basis. However, the 
etiology seems so uncei'tain that generally the authors speak only of myo- 
carditis in typhoid fever, myocarditis in diphtheria, !ind so foi'tli, suggesting 
that they a.s.sume a causal relation but do not wish to convey the impression 
that the localization of the organisms must be the cause of the focal changes. 
A classification of myocarditis from purely' morphologic viewjjoints is impos- 
sible. Classification in relation to accompanying infections is valuable clin- 
ically but is unsatisfactory pathogenetieally. In the light of genesis only two 
great groups of myoeai'ditis can be dift'erentiated : 

1. Those in which the organisms ai-e actually in the myoeai'dium and pi’n* 
duee tissue reactions by' their presence. Such cases include myoeai’ditis or 
septicemia, tuberculous myocarditis, gummas of the myocardium, and sevei'al 
other forms. 

2. Those in which the myocardium is free from the organisms but is indi- 
rectly influenced by' the oi'ganisms at distant sites, as for example in diphtheria. 

I shall now consider more in detail the myocarditis of syphilis, schisto- 
somiasis, and ankylostomiasis. 

There is no doubt that there are cases of severe syphilitic myocarditis 
with typical gummas, in which the spirochetes are present in the cardiac 
muscle. The literature reveals extensive controversy' as to whether nonspecific 
myocarditis is related to syphilis proper. Warthin maintained that in men 
with latent syphilis, alterations of the m.voeardium can always be found; in 
women, they occur less often. By' means of a special method he was able to 
demonstrate the presence of .spirochetes in nearly all such eases. This result, 
however, Avas obtained only by Warthin and his pupils. Most other investi- 
gators have reported negative results. Saphir e.xprcssed the opinion that the 
bodies considered by AVarthin to be spirochetes were artifacts and that he 
himself had been unable to find spirochetes in any of 130 cases of myocarditis 
associated with syphilitic aortitis. 

I believe that the frequent association of myocarditis Avith syphilis, as 
evident in the material here in Venezuela, cannot be. coincidental. The facts 
that neither ty'pical histologic syphilitic characteristics nor the spirochetes 
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themselves can be found in such cases indicate tliat local growth of the spiro- 
chetes is not the underlying factor, that the changes are in no sense specific, 
but not that the alterations have no syphilitic basis. 

The alterations of myocarditis associated witli infectious diseases, in which 
no organisms are found in the myocardium, may be caused by products of 
the organisms growing in other parts of the body. This opinion, however, 
seems to me not to lie applicable in the case of the myocarditis in syphilis, 
or if applicable, only to a very limited extent. It is well known that in the 
secondary stage of syphilis many spirochetes are distributed throughout the 
body but that these tend to disappear until spirochetes are found only in small 
numbers or not at all. Alterations caused by ditfusible products should, there- 
fore, be apparent in the secondary stage. I have had no personal opportunity 
to examine hearts from the secondary stage nor have I been able to find re- 
ports of such studies in tile literature. Certainly all my eases are of the 
tertiary stage, with anatomic lesions of tertiary syphilis, namely syphilitic 
aortitis. In such eases, circumscribed lesions actually exist; these are asso- 
ciated with the local presence of spirochetes though in very limited numbers. 
It seems difficult, therefore, to attribute the lesions of myocarditis solely to 
the effect of diffusible products from the remote spirochetes. 

It may rather be assumed that during the secondary stage of syphilis the 
body has become sensitized to tlie spirochetes eirculating in the blood. During 
the reactivation of tlie process in the tertiary stage, the spirochetes concen- 
trated in small numbers in certain other parts of the body are analogous to 
the “determining” injection in an animal experiment. We deal here with an 
allergic process. 

The features in bilharzial myocarditis are similar. That lesions in the 
heart muscle are produced locally by the presence of the parasites or their ova 
must be rejected. The pai-asitcs live practically exclusively in the portal 
venous system. I found ova in the heart only once in 200 cases of schistosomiasis 
showing myocarditis. It is very probable that the parasites themselves secrete 
injurious agents. 

Most individuals suffering from schistosomiasis are infected repeatedly. 
Consequently, here too the possibility e.xists that the injurious substances act 
directly upon the heart muscle and that an allergic state also exists, with a 
corresponding flare-up in reaction produced by a new infection. I would 
assume that even in the first infection the heart muscle is damaged, a fact 
whieh cannot be proved anatomically, although in the routine examination of 
hearts from persons with schistosomiasis a certain number exhibit more or less 
extensive fatty degeneration without true myocarditis. Experimentally, my 
former pupil, Komero Eeveron, was able to show that in infected guinea pigs, 
alterations that could be proved electrocardiographically exist in the hearts, 
although histologically there were only small cellular infiltrations. Such find- 
ings suggest that the myocardium has been affected from the first. It seems 
probable that in the acute stage of sehistosomiasi.s, the heart muscle is injured 
by the diffusible products ; with repeated infections an allergic component is 
added, thus producing serious alterations in the previously injured organ. 
Experiments with repeated infections in guinea pigs are now in progress. 
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Similar conditions exist frequently in ankylostomiasis. Ii^ections may 
oeeui’, are cured, and recur after variable periods of freedom from, the disease. 
In severe infections, cardiac muscle may be the seat of marked fatty degenera- 
tion. Thus, there occur (1) repeated infections with intervening periods of 
cure or latency, and (2) local damage to the organ during the original in- 
fections. This means that the conditions for allergic reactions are found. As 
a result of the different degrees of severity of tlie infection and the corre- 
sponding injurious effects, varying periods of latencjL treatment, and so forth, 
many variations in tissue reactions are conceivable. 

A further example of the same principle is observed in the chronic myo- 
carditis of Chagas' disease. I have had only a few opportunities to study this 
condition histologically, since it occurs only in limited districts of Yenezaela.- 
Mazza has described and illustrated a large number of similar cases . from 
Argentina. From the apparent histologic similarities to my own few cases, 
it seems to me that it would be impossible to make the diagnosis without 
knowledge of the clinical features and the detection of tiie parasites. 

It is striking that in the acute stage of Chagas’ infection also, a great 
many parasites circulate in the blood, reaching all organs of the body, whereas 
in the chronic stage, with chronic myocarditis, very few parasites are found in 
the myocardium. The situation of the parasites does not always coi’respond 
to the site or extent of the lesions. The question often arises as to how so few 
parasites may cause such extensive effects. Afy explanation is that in the acute 
stage when many parasites are present, the individual becomes sensitized, so 
that in the later chronic stage, when few parasites are present, there is au 
allergic reaction to even a small number. Alazza objected to my explanation 
of the genesis of myocarditis in general and suggested that all the eases of 
myocarditis which I have observed in Venezuela are manifestations of Chagas 
infection. The similarity of histologic picture in the forms herein described 
justifies an attempt at explanation on the basis of allergy, common to ail. 

To summarize, the changes in the myocardium may be placed in two 
groups : 

Group I, comprising the cases in -which the infecting organisms live in the 
myocardium itself and cause alterations in the heart muscle as they do m 
other organs and tissues of the body. 

Group II, comprising the cases of myocarditis in which the presence of the 
organisms in the myocardium cannot be proved. Such altei’ations can be 
found in association with bacterial diseases, parasitic diseases, or with purely 
chemical poisonings and metabolic disturbances. Hence, this group may be 
divided into two subgroups ; 

A. Comprising the eases caused by pure poisonings. 

B, Comprising the cases in which the alterations depend upon allergic, 
tissue reaction. 

Frequently it may happen that both types occur in combination. Paren- 
chymatous alterations probably appear first, followed by further changes as a 
result of the altered metabolism of the parenchyma. Clinically, such different 
pictures as insidiously and progressively developing chronic illness and sudden 
unexpected death are observed. It must be supposed that in the first instance, 
repeated slight allergic reactions aid the development of the entire process ; m 
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the second instance, anapiiylactic shock kills the individual suddenly. It is 
also understandable that no significant differences in the hearts are found 
clinically or anatomically, no matter rvhat disease or process has caused the 
myocardial alterations. The toxic and allergic reactions of the heart muscle 
remain the same, irrespective of the original disease, and thus the pathogenic 
process remains the same in all cases. 

HEP.VTIC CIRRHOSIS 

Cirrhosis of the liver affords a particularly striking e.xample of failure in 
classification by the purely analytic method. Undoubtedly, every author engaged 
in a detailed stud.v of tlie cirrhoses has tried to produce a satisfactory grouping 
of tliese processes. A division according to anatomie features is not possible, 
since there are no finall.v distinctive characteristics. Even tlie most simple and 
common differences lietwcen the hypertrophic and atropiiic forms are not funda- 
mental differences. The same liistologie picture can lie observed in botli forms, 
and sometimes it is quite impossible for the patliologist witli only a histologic 
section at hand to determine whetlier the eirrliosis is of the hypertrophic or 
atrophic tj’pe. In fact, it seems that whether hepatic eirrliosis is hypertrophic 
or atrophic depends upon accidental, environmental factors or upon the stages 
of the process. Furthermore, attempts have been made to classify the cirrhoses 
according to its associated manifestations, as .splenomegaly, ascites, icterus, etc. 
Studies of cirrhosis in schistosomiasis have demonstrated, however, that even 
such manifestations are liighly variable, and I agree with the authors who reject 
such a method of classification. Moreover, if a classification is based upon 
etiology, there arc two groups, hepatic cirrhosis of known cause and hepatic 
cirrhosis of unknown cause. The majority of cases would belong to the 
second group. Such a classification would not take into account the pathologic 
features and the pathogenesis. Another possibility in grouping would be on 
the basis of damage to the parenchyma or to the connective tissue. 

This fundamental problem I have previously discussed, as have many 
other authors. In 1920, I described by means of repeated biopsies the course 
of cirrhosis of the liver, experimentally induced. I expressed the opinion that 
every substance which in large doses injures the liver parenchyma, in small 
doses repeated over a period of time is capable of producing cirrhosis and that 
cirrhosis is caused only by the substances that have an injurious effect upon 
the liver parenchyma itself. Recently I was able to prove that in bilharzial 
cirrhosis, one of the few forms of ivhich the actual cause is known, this prin- 
ciple holds good. In rare cases of this disease with probable acute massive 
infection, I could find evidences of damage to the parenchyma, even extensive 
necrosis. In the chronic stages there were all possible forms of cirrhosis. There- 
fore, I regard bilharzial cirrhosis in roan as comparable to an experimentally pro- 
duced cirrhosis. I came to the conclusion that cirrhosis of the liver develops 
as a result of injury to the liver cells, whether these injuries are visible micro- 
scopically or not. Then the metabolic products of the damaged liver cells 
influence the surrounding tissue and cause the further changes, which in them- 
selves are dependent upon the type and severity of the primary damage to the 
parenchyma, and upon the general condition of the reacting tissue or individ- 
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ual. Aceoi-diiig to Jo3seljn de Jong, a great variety of agents may cause a 
great variety of anatomic pictures. The etiology, the intensity of the damag- 
ing influence, the portal of entry, the duration of the process, the age, se-x, 
and resistance of the individual in question, constitution, racial characteristics, 
climate, and other factors included under the term of “environment'^ may 
play a role. In a recent publication I said, therefore: “All these factors 
appear to he signiflcant, not so much with regard to the form of the cirrhosis 
as to the type and intensity of the parcnehj'inal damage upon which the further 
changes are dependent.’’ Later in the present paper I .shall discuss how these 
processes may be explained. 

In summary, it miust be concluded that the conception of cirrhosis should 
he uniform and I agree fully wnth Ficssinger, who said: “The anatomic 
process of the cirrhoses is the same in all the eirrho.se.s; there exists only one 
cirrhosis,’’ 

The process, w'hieh brings about the various pictures in cirrhosis of the 
liver, is after all essentially similar to that described for myocarditis. There 
is, however, one difference, inasmuch as the process in myocarditis is initiated 
by bacterial or parasitic products, whereas the process in cirrhosis in the ma- 
jority of eases is prohalily initiated fay disturbances in metabolism. It is espe- 
cially interesting to observe that .such different causes can lead to essentiall.v 
the saiue process. 

Before going further into the fundamental problem of the pathogenesis, it 
is well to emphasize that I find no significant diff'ereuee between diseases that 
lead to a diffuse parenchymatous injury of the liver and the forms of diffuse 
hepatic cirrhosis that represent the re.sult of parenchymatous injury. We 
recognize as diseases with purely pareneliyjiiatous disturbances: first, catarrhal 
jaundice, and second, acute yellow atrophy of the liver. AYe now know that 
catarrhal jaundice represents a parenchymatous disease ami that it is not 
always a mild and harmless malady that heals in a brief time and that there 
are severe forms that may lead to acute yellow atrophy. On the other hand, we 
know that acute yellow atrophy is initiated almost always by a condition that 
cannot be distinguished from catari-hal jaundice. It is pro])ably correct, there- 
fore, to assume that these two pathologic pictures represent only the extremes 
of a siirgle disease complex, and that between the two extremes all possible 
variations can be observed. In some eases there is healing only after a long 
time; in others death occurs after a shorter or longer duration; yet other in- 
dividuals suffer from repeated attacks, a condition that is termed recurrent 
yellow atrophy of the liver. In some instances post-mortem examination re- 
veals a more or less typical picture of cirrhosis of the liver. Our present 
knowledge does not permit us to distinguish these features grossly and histo- 
logically from true primary cirrhosis o£ the liver, because sueli dift'erentiation 
is possible only in tbe light of the elinical course of the disease, ’rherefore, it 
seems entirely logical, partieidaifly if the above-mentioned conception of cir- 
rhosis is accepted, to consider these two forms as cirrhosis. It would be un- 
reasonable to exclude them, as did Askanazy, for instance, because funda- 
mentally they cannot be differentiated from the other types of cirrhosis. 

In cirrhosis of the liver, a direct stimulation of the comieetive tissue does 
not e.vist; the change.s in this tissue must be regarded as of a “regenerative in’ 
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reparative kind” (Kossle). The point emphasized by certain authors, for in- 
stance Riissle, tliat the reactions depend upon whether the damaging agents 
affect only the cells of the parenchyma or the connective tissue, Kupffer cells, 
or the capillary endothelium also, seems to me to he of minor importance. 
Injuries of this kind may he possible, although I have never observed them. 
They probably never occur without damage to the much more sensitive paren- 
chymal cells. I believe, therefore, that I can justifiably present the following 
explanation of hepatic eirfhosis. It is a continuous process in which injury 
to the parenchymal eelln i.s'the first change This stimulates regeneration and 
repair. Sometimes- there is a compensatory I'cgencration of hepatic cells, but 
proliferation of connective tissue dominates the process. This explanation 
applies t’d'all the conditions which belong in the broad field of hepatic cirrhosis 
and excludes from that category the purely toxic-degenerative, purely regen- 
erative, and purely inflammatory lesions. 

There is actuall.v only one cirrhosis, and the various forms are caused 
mainly by variations in reaction. Such variations in reaction we denote today 
as allergy, and I believe that for the explanation of cirrhosis of the liver, 
allergic processes must he considered to a great extent. 

Acute yellow atrojihy of the liver is a sudden reaction of the entire organ 
to suoli''an extreme degree that simultaneously an enormous number of cells 
die. Such a violent reaction could be explained only by acute and severe 
poisoning. It is known, however, that with only few exceptions, such as mush- 
room poisoning, no poi&n whatever can be detected. Experimentally, animals 
can be killed by agents that affect the parenchyma of the liver and serious 
alterations in the hepatic parenchyma can be produced without complete 
breakdown of the organ. Iii allergic processes violent reactions of the tissue 
oceur, such as are seen in no other circumstances. Consequently, it seems 
logical to consider the process in acute yellow atrophy of the liver as an al- 
lergic reaction. Therefore, it is reasonable to believe that the liver has been 
affected by some previous damage and that with a new, even slight, injury an 
allergic reaction takes place in the previously diseased organ. If we start 
from this theoretical consideration, and if we accept the idea of the association 
between the damage of the parenchyma and the cirrhotic process, it would be 
logical to assume an allergic reaction also for the whole of the cirrhotic proc- 
ess. It then becomes clear that the reaction after a period of latency may be 
manifested in various forms, as a result of the intensity and duration of the 
injurious effect and may be dependent upon other external factors. Funda- 
mentally, therefore, we must assume a damage to the liver parenchyma. Later, 
such damage may disappear or be reduced and allergic reactions may take 
place. Consequently, sometimes more toxic influences, sometimes more allergic 
reactions, and all possible combinations of these two factors may be the ulti- 
mate cause of lesions in the tissue. It is apparent that a great variety of possi- 
bilities leads to the diverse results and pathologic pictures. 

These attempts at explanation are based upon hypothetical considerations. 
To me, however, these hypotheses have a logical foundation and facilitate a 
much better understanding of the cirrhotic process. Animal experiments were 
undertaken in 1930 to determine the validity of this hypothesis. Because of 
circumstances, these studies have not yet been completed, but give a clear 
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indication, that allergic reactions play an important part in the development 
of acute injury to the hepatic parenchyma and the chronic lesions. Recently, 
Hartley and Lushbaugh came to similar conclusions. 

SUMMARY AND CONCLUSIONS 

An attempt has been made to show that often the analytic method cannot 
be employed to produce a really logical classification of diseases. In addition, it 
often fails to facilitate the understanding of pathogenesis. Clinical progress in 
diagnostic acumen and in therapy of diseases is possible only when the genesis 
of diseases is clear. For such understanding, I believe that synthesis is more 
important than analysis. "We should not look for and describe the slightest 
variations in the alterations of the morphologic picture but we should rather 
search for the features in common, from which various deviations can be 
reasonably interpreted. 

In studying the pathogenesis of various diseases, we must first know the 
etiology. Under etiology we must consider the extrinsic causative agent, as 
bacteria and parasites, or the intrinsic causative agent, as metabolic disturb- 
ances, However, different organisms and various disturbances in metabolism 
ma;y both set up the same pathologic picture. 

Equally important is the reaction of the body. It is a tenable assumption 
that the body may react similarly to various causes, especially if the etiologic 
agent affects the parenchymatous cells of organs and if these damaged cells 
produce further reactions as a result of faulty secretion and absorption of 
products of cellular disintegration. Furthermore, in many illnesses the patho- 
logic processes may not be the result of a single transitory insult but often of 
a continuous or repeated insult. To these agents another important factor is 
added, namely, the allergic reaction of the individual, which in itself gives rise 
to the various tissue changes. 

These considerations explain the fact that a single etiologic agent may 
produce diverse morphologic manifestations, and a variety of etiologic agents 
may operate to produce identical lesions. These deviations do not necessarily 
mean fundamental differences in the disease and separation into groups and 
subgroups, but simply indicate the manifold possibilities in the combined work- 
ings of the several factors. 

To illustrate these principles, three entirely unrelated pathologic condi- 
tions have been considered ; 

1. In syphilitic aortitis, there is a combination of local tissue reaction to 
the organisms in situ and the allergic reaction. 

2. Chronic myocarditis is to be regarded as a uniform process, in which 
there is primarily damage to the cardiac muscle fibers and, secondarily, mesen- 
chymal alterations, with cellular infiltrations. This process, although pure y 
inflammatory, must be distinguished from all myocardial inflammations m 
which organisms are present in situ. It is rather the allergic reaction of ® 
cardiac muscle previously damaged. The myocarditis in syphilis, schistosomia 
sis, and ankylostomiasis have been shoivn to be of this type. 

3. Although cirrhosis of the liver is caused by disturbances of metabolism 
in most instances, the same lesion can be produced by the injurious produc 
of bilharzia. As a result of the findings in human beings and in animal experi 
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nieuts, and by deduction, it is concluded that the process in cirrhosis of the 
liver is analogous to that in myocarditis; namely, that primarily there is 
parenchymatous damage and, secondarily, mesenchymal alteration. Cirrhosis, 
therefore, is the result of direct toxic effects combined with an allergic reaction.* 
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THE PHAEMACOLOGIC ACTION OP 2-lMETHYLAiIINOHEPTANE 

(EA-1)** 


D. E. Jackson, Ph.D., M.D., Cincinnati, Ohio 

T he 2-metliylaminoheptane is a clear, colorless, volatile fluid. It is only 
slightly soluble in water, but saturated aqueous solutions may be used for 
intravenous injections. The free base has the following formula : 

CH3— CH.— CH,— CT-L— CH„— CH— CH3 

! 

nNCH3 

Thus, the compound is an aliphatic amine, and it forms salts with a variety 
of acids of which I have generally used either the hydrochloride or the benzoate. 
Both are freely soluble in water, and a ten per cent solution has been used in 
the work described in this paper.! The hydrochloride and the sulfate are ap- 
parentty not crj-stallizable salts, but the mucic acid salt is a fine white poNvder 
which lends itself readily to tablet manufacture. 

In the experiments described herein this compound has been referred to 
as BA-1, followed by' the designation of the salt used (HCl or benzoate as noted 
on the tracings). The EA-1 may be readily determined analytically by steam- 
distiUing off the free base after previous addition of caustic soda to a sample 
and collecting the distillate in volumetric sulfuric acid and titrating back the 
excess acid with alkali, using methyl red as an indicator. 

This compound belongs in the group of sympathomimetic amines, but its 
action differs from that of epinephrine in special features which will be dis- 
cussed later. The EA-1 is a straight chain compound differing radically' in its 
chemical structure from the usual sympathomimetic amines, such as epinephrine, 
ephedrine, neosynephrin, propadrine, benzedidne, paredrine, etc., all of which 
possess a benzene nucleus. Another straight chain compound which has been 
studied extensively is the nearly related 2-amino heptane,! which has been in- 
vestigated especially' by Proetz^ and by Chen and their co-rvorkers. 

EA-1 produces notable symptoms when given by' mouth in sufficient dosage, 
but the toxicity appears to be relatively low'. For example, 3 e.e. of the 10 pci 
cent hydrochloride solution (300 milligrams) given by' means of a stomach tube 
to a dog weighing 21 pounds produced drooling of saliva, erection of a narron 
streak of hair running in a central strii) along the full length of the back, dila- 
tion of the pupils, slight laerimation, rapid breathing, some depression, w'eakncss, 
incoordination, and possibly some cardiac irregularity (missed beats!). Ainio 
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Since this paper was written the name “amethine" has been given to this drug. _ 
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complete recovery occurred in two and onc-lialf hours, but the pupils wore ap- 
.parently still soinewliat dilated for some hours longer. Possibly the drug may 
exercise a similar mild Init prolonged dilator action on the bronchioles, since the 
innervation is similar in both cases. 

AVhen given intravcnon.sly, for example 1 e.c. (100 mg.) of the hj-droehlo- 
ride, in 10 per cent solution to a dog weighing 11,5 pounds, symptoms similar to 
those described above were inoduccd, but they came on somewhat more promptlj' 
and involved a more extensive group of striicturc.s. The heart was affected (in 
the main accelerated), the itiipils dilated, the bristles were raised, salivation and 
slight lacrimation occurred, and mild nervousness and tremors were produced. 
The pupils were ratlier widely dilated, and the light of a lamp bulb tla.shed into 
the eyes caused only a moderate const riet ion. This moderate loss of the light 
reflex is apparently due to pcisistent stimulation of the sympathetic nerve end- 
ings in the radiating fibers, and pvohahl.v not to weakening or paralysis of the 
sphincter muscle. Tremors and mnseiilar weakness were more marked when the 
drug was given intravcnousl.v, but a dog of this size (11.5 pounds) may make a 
fairly good recovery in two or three hours from an intravenous dose of twice 
this size (i.e., up to 200 milligrams). But the dilation of the pupils seems to be 
rather persistent and ma.v indicate it usefulness of the drug in this relation. 

In one dog, however, in contrast to llie s.ranptoms noted above, I have ob- 
served a course of symiitoms which I believe is worthy of special attention. In 
this animal on each of four occasions when the drug was administered, either by 
mouth or intravenously, the .symptoms began and progressed practically in the 
same manner as described above for about one-half to three-quarters of an hour, 
but then symptoms of an entirely different character began to appear. There 
was some indication of nausea, anxiety, crouching, or creeping movements, some 
disorientation or slight disturbance of consciousness, and then quickly a full- 
fledged convulsive attack occurred, with complete loss of consciousness, vomiting, 
dilation of the pupils, frothing at the mouth, and tetanic involvement of the 
whole skeletal musculature with opisthotonus and complete incoordination, 
AVith two or three brief remissions, the whole attack would last four or five min- 
utes, The animal then relaxed, but appeared in a dazed or semiconscious con- 
dition; the breathing being deep and rapid (probably largely from the asphyxia 
produced by the convulsions). In another four or five minutes, however, the 
animal began to recover rapidly, and in a little while consciousness returned; 
the animal got up, walked around, responded to petting, and soon appeared to be 
entirely out of danger, but the pupils remained dilated and the breathing was 
rapid, drooling of saliva continued, and the bristles were raised. These latter 
symptoms disappeared in the course of two or three hours and the animal again 
appeared to become perfectly normal. In short, this dog appears to get full- 
fledged, grand mal epileptic attacks each time the drug is administered. Ap- 
parently this animal is a chronic epileptic, and the attaclrs which occur during 
the course of the drug’s action are merely superimposed on, or perhaps sand- 
wiched in between, the various phenomena produced by the drug. I have not yet 
had an opportunity to administer the drug to other known epileptic dogs, but 
it is my unpression that the drug will probably have a similar action if given in 
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large doses to other epileptic animals. Perhaps this observation should serve as 
a precautionary warning in regard to using the drug with epileptic patients. I. 
hardly think that this evanescent epileptic-like type of convulsive seizure is 
specific with this drug in normal animals within the dosage range indicated 
above. 



In general, within therapeutic limits, tin's drug appears to have but very 
little direct action on any portion of the normal central nervous system, unless 
there may be some slight feeling of weakness, letliarg}’", prostration, etc., which 
possibly may be central in origin. Nausea or vomiting apparently do not or- 
dinarily occur under moderate dosage of the drug. 
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Pig. 1 shows the action of EA-1 benzoate on the blood pressure in a dog 
that had been completely pithed, both brain and cord. After destruction of 
the brain and medulla an iron rod was passed down the full length of the spinal 
canal and left in place throughout the experiment. Complete destruction of the 
cord was verified by the presence of the rod in the canal at autopsy. Care was 
taken to make certain of this point because of special diffei-ences between the 
action of this compound and that of adrenalin. So far as the action on the blood 
pressure and circulation is concerned, the drug apparently acts exactly the same 
in the pithed animal as it does in the intact animal. It can be seen from this 
tracing that the blood pressure rise comes on fairly promptly but is much more 
persistent and stable than is that which follows adrenalin. Here the EA-1 
greatly improved the condition of the anunal and permanently raised the blood 
pressure. I have repeatedly saved animals when they were in a very low 
condition and about to die by injecting jitst the right-sized (first) dose of 
this drug. Apparently most other drugs may still exercise approximately their 
normal actions after the fii-st dose of EA-1 has been injected. But this does not 
hold in all cases, for the first dose of EA-1, or of the nearly related 2-amino- 
heptano, or of other active derivatives of the heptane series produces changes in 
the animal which markedly alter the effects produced by the second or any later 
injections of any one of these particular compounds. Even members of this series 
which have but little blood pressure raising activity may, if injected first, pre- 
vent a full rise which normally would have been produced by a following (first) 
injection of EA-1 or of 2-aminoheptane. This taehyphylactio action is fre- 
quently quite marked with these drugs, and may be of importance clinically in 
some organs, although the possible extent of this action is now obscure. 

Fig. 2 shows the action of EA-1 hydrochloride after large quantities of 
nicotine had been injected and the autonomic ganglia had presumably been 
paralyzed. It seems probable in this case that the EA-1 was a little more ef- 
fective in raising the blood pressure after nicotine than it would have been had 
the nicotine not been given. It would seem that some sort of synergi-sm here 
e.xists between these two drugs. And I have seen a number of other instances 
in which I suspected that BA-1 became more active after other sjanpathomimetio 
drugs had been given shortly preceding. The manner in which such synergistic 
actions may be effected can only be surmised at present. Prom the evidence pre- 
sented in Figs. 1 and 2, it would be presumed that EA-1 must act in the main 
on structures lying peripheral to the autonomic ganglia. I have not, however, 
been able to determine with complete certainty whether or not there may, in the 
normal intact animal, be some action by the drug on the autonomic ganglia. 
It is my opinion, however, that the drug does not have any significant ganglionic 
action. 

Pig. 3 shows the action of adrenalin and of BA-1 after ergotoxine ethane- 
sulfonate. The ergoto.xine was dissolved in a small quantity of ethyl alcohol, 
which was then diluted with water and injected intravenously. It is difficult to 
get the ergotoxine into satisfactory solution because a rather high percentage of 
alcohol must be present to prevent precipitation. And when such a mixture is 
injected into the blood it may be e-xpeeted that much of the ergotoxine will be 
dropped out of solution. I have tried to inject enough of the ergotoxine (in 
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many small repeated doses) to bring about the reversal of adrenalin action. The 
firet injection of adrenalin in Pig. 3 shows a small preliminary rise in blood 
pressure followed by a fairly typical fall. The preliminary small rise, I be- 
lieve, was due partly to the volume of fluid (5 or 6 c.c. ) used to wash the drug 



into the vein and partly to a moderate acceleration of the .heart beat from, the, 
action- of the adrenalin. The curve of the fall and the recovery, however, seems, 
to indicate that the vasoconstnctor endings no longer respond to stimulation by 
the adrenalin. Following this, an injection of l/ 4 .e.c.. of EA-1; hydrochloride 
solution (10 per cent) was injected, and a prompt and extensive rise in. blood 



FIfT, 3 . — Carotid blood pjessurc and respiration. This animal had been cl\cn 83 nillligraiiis of crgoloxine etlianesulfonatc by vein, and at the left 
of tliis tracing c.c. of adrenalin solution was Injected. This produced u fall (rovei-sal) iu Wood picbsurc. After lecovery, a dose (U c.c. )of EA-1 was 
Injected and this caused piactically a normal rise in piessurc. A second Injection of adrenalin protluced a prompt fall, thus showing the difference in 
action of the two djugs aftci eigotoxino For discussion, see text. 
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pressure was obtained. This shows that the action of this compound is different 
from that of adrenalin. And this point is further emphasized by the last in- 
jection (% e.c. of adrenalin) shown in the tracing. Here a very marked reversal 
action by the adrenalin is virtually superimposed on the rise in blood pressure 
caused by the EA-1. I have repeated this experiment in a good number of 
dogs, and there can be no doubt but that the results shown here are very accu- 
rate. There is one point involved in this experiment which I should like to 
emphasize. I have regularly found tliat after repeated doses of ergotoxine have 
been given, injections of adrenalin will usually still produce fairly marked rises 
in blood pressure followed by only moderate falls with fairly rapid rise back to 
normal. If at that time a single small dose of EA-1 be injected it is found that 
thereafter adrenalin will produce a perfectly typical, and generally very marked. 



Fig. 4 — Respiration and blood pressure. This shows that the adrenalin action , can 
superimposed on that of EA-1. Note cardio-inhibition after adrenalin. For discussion, 
text. 


reversal fall each time the drug is injected. Tlius the EA-1 appears to have 
some sort of synergistic action in the direction of making the reversal effects of 
the ergotoxine more prompt and emphatic, when adrenalin is injected later. ^ 
Other sympathomimetic amines with which I have worked do not have this re- 
versal action after ergotoxine and EA-1. But this phenomena led me to carry 
out the experiment illustrated in Pig. 4. In this experiment, as shown at the 
left of the traeing, a dose of adrenalin was injected and a typical adrenalin rise 
was produced. Following the return of the pressure to hofmal, a dose (% 
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of EA-1 hydrochloride was injected. This produced a marked rise in pressure, 
at the highest part of which a second injection of adrenalin was given. The 
wsult is seen as a voi\v obvious effort on the part of the circulatory system to 
raise the blood pressure still higher. The object of this experiment was to de- 
termine whether or itot the EA-1 possessed any independent ergotoxine-like 
paralyzing action on the endings of the vasoconstrictor nerves. Apparently 
EA-1 merely acts syncrgistieally with tlic crgotc.-cine but does not possess any 
independent reversing action of its own so far as adrenalin is concerned. I sus- 
pect this synergistic action witii ergotoxinc may be largely dependent on the 
cardiac action of EA-1 as illustrated in Fig. 5. 

Pig. 5 shows the action of EA-I on the heart and carotid blood pressure. Four 
separate injections were given, each % e.e. Here the marked stimulation and im- 
provement of the lieart by tlie first injeelioii is well shown. But the first dose does 
something to tiio heart which becomes very obvious following each of the succeeding 
injections. There are certain features shown here which I should like to emphasize. 
Tiio first dose produces a \’cr.v marked improvement in the strength and amplitude 
of the heart beat. The blood pressure in this animal was low at the start, but there is 
a progressive and well-sustained rise even though each new injection reduces the 
amplitude of the heart heat, I suspect that tliis ciianged reaction of the heart 
after the primary injection E the reason w'hy EA-1 appears to increase the re- 
versal action of crgoto.’cine to following injections of adrenalin. The BA-1, I 
suspect, has a double action on the heart; first a stimulation of the sympathetic 
nerve endings, and, second, a direct muscular action whicli is, with proper dos- 
age, almost entirely stimulating .and augmentative, but which rapidly changes 
to depres.sion with the second or later doses. Even if the first dose be a little 
too large, tliere i,s quite likely to be a preliminary fall in blood pressure before 
the general rise begins. This preliminary fail is apparently due to a direct 
cardiac action. If one wishes to utilize the drug to stimulate and restore an 
animal which is about to die, then it is very important to inject the right-sized 
dose at the beginning, and generally any further injections are likely to be more 
harmful than heneficial. I have repeatedly seen such striking results follow 
this use of the drug that I have been inclined to suspect that it might he useful 
in severe ea.ses of shock or in other conditions in which the blood pressure is 
very low. In these cases, only one dose should he given and it should be of the 
optimum size. In'-a rough way, by comparison in animal experiments, I have 
found a dose of % c.c. of a 10 per cent solution of an EA-1 salt to equal approx- 
imately results produced by 14 c.c. of the one to a thousand solution of adrenalin 
chloride. But the effects of the latter drug wear off much quicker than do those 
of EA-1. In Pig. 1 this type of improvement is seen in a dog in which the en- 
tire central nervous system is destroyed (and a considerable hemorrhage had 
occurred). In Fig. 6 this action is perhaps more strikingly illustrated. In this 
case the animal at the start was about to die; tlien artificial respiration was pro- 
vided and two large injections of adrenalin were given. But in spite of all this, 
the animal almost certainly would have died. But when BA-1 {% c.c.) was in- 
jected, there was a prompt and sustained recovery of the lieart and blood pres- 
sure. While most sympathomimetic drugs are not likely to be of much lasting 
help in cases of severe shock, yet I have rather strongly suspected that EA-1 




Pie. 5. Myocardloeram and carotid blood pressure showing the results of four injections of KA-l. Note progressive rise In blood pressure, 
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Fig-. C.— Carotid blood iiiessuie In an animal near death. Showingr comparative actions of adicnaltn ami EA*1. For discussion, see text 
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properly administered intravenously might often tide a patient over until he 
could be brought to a place Avhere more extensive treatment could be applied. 



One may readily see this action in an animal in which the brain, medulla, and 
upper part of the cord have been destroyed. And I have considered the pos- 
sibility that this drug, if properly administered, might be used in some respects 
as a kind of substitute for digitalis. With moderate doses I have not seen as 


7. — -Klflncsy volume, blocnl pvesHuro, jvml respiration showiiif? the cimiptvratlvc <tcllon.s of and aiU'cnalln. Kote 
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much tendency to cardiac irregularities ivitii EA-1 as ivould probably have oc- 
curred with comparable doses of the other sympathomimetic drugs with which 
I have worked. I have not made electrocardiographic records. 
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Pigs. 7 and 8 were both made in tlie same experiment. They show the 
results of the first and third injections of EA-1 together with injections of 
adrenalin for comparison. The action of EA-1 on the kidney is seen as a marked 
Shrinkage in volume due to vasoconstriction. The vesscE contract down to 
'fully as small a caliber under EA-1 as they do under adrenalin, but the follow- 
ing dilation may vary somewhat in different e,xporiments. Since the carotid 
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pressure iu Fig. 7 rises mucli liigher after EA-1 (the first dose) than it does in 
Fig. 8 (after the third dose) in which there is a considerable preliminary fall 
in pressure, one would expect that the kidney vessel constriction should be 
greater in Pig. 7 than in Fig. 8. This vai-ies a good deal in different experi- 
ments, but in general it appears that the peripheral vascular constriction tends 
to become a little more intense with each repeated injection. TJiis constriction 
is independent of the iirhnary fall in pressure which tends to become more 
marked with each succeeding injection and which appears to be mainly due to 
the action on the heart. The vasoconstriction which occurs in the kidney is 
tj^pical apparently of that which oceui-s in the other organs. The question might 
naturally arise as to what action EA-1 has on the arterioles of the pulmonary 
circulation, since these are in a somewhat different category from the systemic 
artei’ioles. Fig. 9 shows the action of EA-1 on the pulmonary blood pressure, 
which rises from fifty to one hundred per cent above the normal and tends to 
remain at this high level. The drug .seems to have a very definite action here, 
and I believe that this is mainly due to stimulation and strengthening of the 
heart. There may be a specific constriction action on the pulmonary arterioles, 
but I believe that increased strength of the contractions of the right ventricle is 
the chief factor concerned. Fig. 9 also shows a profound constriction of the 
vessels in the nasal walls. It is to be noted that the drug here was injected into 
the femoral vein, but the vessels of the na.sal walls and of the adjacent sinus 
membranes contract promptly just as do those of the kidney and other visceral 
organs. This is the usual action of sympathomimetic drugs, and it indicates 
a useful service which EA-1 may render in overcoming nasal congestion. The 
volatile free base may be inhaled for this purpose, or solutions of the salts may 
be applied locally. The nasal record (labeled ‘nose') was made by closing oft 
(airtight) the nasopharynx by means of a sponge rubber ball on the end ot a 
rod, the ball being pressed against the soft palate which was thus forced back- 
ward against the posterior nasopharyngeal Avail. Two glass cannulas were in- 
serted (airtight) into the nostrils, and the cannulas Averc connected by means 
of a Y-tube and rubber tubing to a tambour. Shrinkage of the nasal Avails 
(enlargement of the cavity) drew air out of the tambour, and the Avritiiig poi'd 
moved doAvmvard on the drum. 

Fig, 10 shows the action of EA-1 on the hronehioles. The animal Avas pithed 
and air Avas interaiittently aspirated out of the chest in the usual manner Avith a 
plethysmograph placed on the chest. At the beginning of the tracing tAvo in- 
jections (% e.c. and 1 e.e.) of eserine solution Avere injected into the femora 
vein in order to bring on a bronchoeonstriction. When this became Avell marked, 
a dose (% c-^-) of BA-1 solution AAms injected. This caused a broiicliodilation 
of moderate degree. A later dose of EA-1 did not produce any further dilata- 
tion. The effect of the EA-1 here is probably less than Avould have been pro- 
duced by adrenalin. But the action may be more prolonged. There is also som® 
likelihood that BA-1 may be effective on the bronchioles Avhen taken by mouth 
The action apparently depends on stimulation of the bronchodilator nerve en - 
ings. . In passing, it might be noted here that electrical stimulation of the vagus 
nerves in the neck causes hronehoconstriction after EA-1 has been administeiT 
and also the heart is simultaneously inhibited, so that EA-1 does not paralyze 
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the ganglia. It might be noted in Pig’. 10 that the blood pressure was very low 
(brain and medulla and upper cord destroyed) at the beginning of the record. 
But two doses o£ EA-1 brought the pressure up and maintained it at very nearly 
the normal level as it had existed before the animal was pithed. It would be 
rare that a patient would sustain a more severe injury than that involved in 
total destruction of the brain and upper cord (with the chest widely opened 
besides), so that the results produced here on the circulation miglit indicate 
some usefulness of the drug in severe traumatic shock. 



Fiff 9_Pulmonarv blood pressure, nasal cavity volume {''nose”) and carotid blood pressure 
showing the act^n“of EA-1. Note absence of cardiac inhibition. For discussion, see text. 


In connection with the respiration, it might be noted that in anesthetized 
animals large doses of EA-1 cause death by paralysis of the respiratory center. 
But there is seldom seen any respiratory stimulation in animals anesthetized 
with ether or nembutal. 

The usual action on the stomach in anesthetized animals is showi in Fig. 11. 
Some relaxation and inhibition of tone is obvious, but the action is less pro- 
nounced than that produced by adrenalin as shown in the right hand portion of 
the tracing. But the action of EA-1 is more lasting, and in addition it probablj’- 
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¥'ie. 10 . — IjUuk tracUxg and carotid blood presaure li> a pltbcd dots. Showing the bvonchodlialov ucllon of 12A-1 after caerino had 

piotlncod CQiiHtrlciicin. See text. 
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Piff. 11. — stomach tracing, blood pressure, and respiration. Showing the comparative actions of EA-1 and adrenalin. Note cardiac in- 
hibition after adrenalin but not after EA-1. The pressure elevation was approximately tlie same in each case. See text. 
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can be elicited by oral administration of the drug. Also the intestines are not 
much affected by EA-1 in acute experiments. It seems that the inhibitory action 
of the drug is, in general, considerably less marked than is the motor action on 
the circulation. And the bladder is also but little, if any, affected. It is diffi- 
cult to surmise what kind of clinical effects might be obtained by an action on 
the stomach such as that shown in Fig. 11. Would such a relaxation in tone 
bring relief from colicky pains even though the peristaltic movements con- 
tinued? 



Pig. 12. — Uterus tracing, blood pressure, and respiration in an animal near term. Note cardie 
inhibition (rare) in this case after EA-1. For discussion, see text. 

It seems that EA-1 has but little, if any, action on the uterus. FiS- 
shows a series of vigorous uterine contractions in an animal near tei’m. Tke m 
jeetion of EA-1 produced a marked action on the circulation but so far as t lO 
uterus is concerned only one thing can be said, viz., that the contractions uere 
not inhibited. There may possibly be some slight increase in the genei’al tone 
level of the uterine tracing (intact animal). But the marked intermittent con 
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tractions shoira in the tracing were occurring spontaneously before the drug was 
injected, so that the only conclusion permissible is that BA-1 does not inhibit 
tiio oontraotions. That point might be significant in ease the drag should be used 
during labor. In other experiments in intact animals I have failed to note any 
special action of any kind on the utcrns. 

I have presumed that the chief action of this drug on the circulation in- 
volves primarily the heart and arterioles. But the capillaries may also be es- 
pecially involved, by an action somewhat the reverse of tliat of liistaniiiio. The 
drug bears some similarity to ergoto.\-ine in its action, and this has led me to 
wonder if it might be useful in migraine, I hardly believe that its continued 
use would lead to gangrene. I have no suggestions regai’ding any relation 
which the action of this drag may have to adrenergic, cholinergic, e.sterase, hor- 
monal, etc., phenomena. But it would be veiy interesting to study this com- 
pound in accordance with the splendid method of clinical assay of sympath- 
omimetio drugs wliich has receutlj' been so well developed by Vaughan, Perkins, 
and Derbes.= 

A consideration of tiie action of a compound such as EA-1 calls to mind 
such subjects as astlmia, angioneurotic edema, anaphylactic shock, urticaria, 
oiliarj' activity, general allergic conditions, nasal decogestion, local vasoconstric- 
tion on hypodermic injection, .sympathetic secretions, traumatic shock, pupillary 
dilatation, cardiac stimulation, serum sickness, development of tolerance for the 
drug, etc. 

SUMMARY 

The general pharmacologic action o! a speeiai .sympathomimetic drag, 
2-methylaminoheptano (EA-1), is discussed and illustrated by tracings, 
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SBIPLIPICATION OP THE TEEATMBNT OF DIABETES* 


Gaft. Laz^vrus L. Pennock, jM.C., U. S. Army 


T oday, more than twenty years after the introduction of insulin in the treat- 
ment of diabetes, the prescribing of diabetic diets is still in a state of, mild 
confusion. It seems that every writer on diabetes has his own method for rvriting 
a diet. As a result, many methods for writing diabetic diets have been de- 
scribed. Some use complicated surface area tables. Others use set standard 
formulas, four to six of them, for all diabetic patients. Even a slide rule has 
been designed, to calculate a diabetic diet, by a drug firm. And in competition 
another firm has brought forth a “simpler” mechanical aid for the same purpose. 

All this has made for confusion among the average practitioners of medicine 
who see a few diabetic patients now and then. In despair, most of the diabetic 
patients are referred to a specialist. A simple but satisfactory formula for com- 
puting a diabetic diet has been a necessity for some time. Such a diet should be 
individualized, tailor-made for each patient, standardized according to physio- 
logic principles to meet the needs of each patient. And it should be properly 
balanced according to the best of our Imowledge of nutrition today. 

The essential thing to be borne in mind is that the diabetic diet should be 
a physiologic one, based on known values of the normal diet. The average 
individual, left to himself, chooses a diet that is not physiologic. He eats too 
much and the components of his diet are not proportioned in accord with what 
has been proved to be ideal for optimum nutrition. This is the chief fallacy 
of the so-called “free diet” treatment of diabetes. 

The dietary treatment of diabetes is no longer, and in point of fact never 
was, a question of high carbohydrate versus high fat diet. Since a physiologic 
diet is to be prescribed, examination of such a diet reveals that the total daily 
caloric allowance is divided into carbohydrate, 65 per cent; protein, 15 per 
cent ; and fat, 20 per cent. Such an arrangement always yields a diet that is 
high in carbohydrate and proportionately lower in fat. Hence, the diabetic 
diet should approach these proportions as nearly as possible, and the method of 
calculating a diet that will be described here does just that in a very simple 
manner. 

In addition, the diet is calculated for the patient’s normal or physiologic 
weight. Such weights are derived from the actuarial tables for age-height- 
weight, one of which is presented herein and which may also be found in al- 
most any book on diabetes or nutrition. 

These facts constitute the background for the method to be described. 
The method has been in use since 1924, Avhen it was first propounded by 
Barach. For the past eleven years I have not only' seen it applied, but ha've 
used it myself and watched it work successfully in all types of diabetic pa- 
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tients. It never fails if one keeps in mind that, once the diet has been pre- 
scribed, the patient should be maintained on it until his metabolism has become 
adjusted to the diet. This will invariably come about in the course of a few 
days. Then, if the patient still continues to show sugar, insulin is given in 
sufficient amounts to control the hyperglycemia and glycosuria "without chang- 
ing the diet as a whole. 

There are two essentials in calculating a maintenance diabetic diet. They 
are (1) determining the total daily caloric allowance per day for the patient 
and (2) dividing this allowance into the proper proportions of carbohydrate, 
protein and fat. 


STEPS IN CALCUL.VTING A MAINTENANCE DIET 

1. Determine normal body weight in pounds for age and height of the pa- 
tient (Table I). Convert pounds to kilograms by dividing by 2,2 (Table II). 

2. Determine the caloric allowance per kilogram normal body weight. 

3. jMultiplj’" kilograms normal weight by caloric allowance per kilogram for 
total daily caloric allowance. 

4. Divide the caloric allowance into carbohydrate, protein, and fat. 

Table I 


KoRiiAL Weight— 17 to 34 Years 


AGES 

17—19 

20—24 

25—29 

30—34 

IIEIGnU 

M— F 

M— P 

il— F 

M— F 

4' 10" 

109— 1 

115— 4 

120— 6 

123— 6 

Af , , // 

111— 1 

117— 4 

122— 6 

125^ 6 


113— 1 

119— 4 

124— 6 

127— 6 

5' 1" 

115— 1 

121— 4 

126— 6 

129— 6 

5' 2" 

118— 1 

124— 4 

128— 6 

131— 6 

5' 3" 

121— 1 

127— 4 

131— 5 

134— 6 

5' 4" 

124— 1 

131— 5 

134— 5 

137— 5 

5' 5" 

128— 2 

135— G 

138— 6 

141— 5 

5’ G" 

132— 2 

139— 6 

142— 6 

145— 5 

5' 7" 

13(5 — 2 

142— 5 

14{^— 6 

149— 5 

5' 8" 

140— 2 

HG— 5 


154— 6 

5' 9" 

144— 3 


154— 6 

158— 6 

5' 10" 

148— 3 

154— 5 

158— 6 

163— 8 

.5' 11" 

153— 3 

158— 5 

163— 8 

168—10 


158— 3 

163— 6 

169—10 

174—12 

6' 1" 

163— 3 

168— 6 

175—12 

180—14 


Normal Weight— 34 to 54 Years 


AGES 

35—39 

40—44 

45—49 

50—54 

HEIGHT 

M— F 

M— P 

M— F 

M— F 

4' 10" 

125— 5 

128— 4 

130— 3 

131— 2 


127— 5 

130— 4 

132— 3 

133— 2 

5' 0" 

129— 5 

132— 4 

134— 3 

135— 2 

5' 1" 

131 — 5 

134— 4 

136— 3 

137— 2 


133— 4 

13&— 3 

138— 2 

139— 1 


136— 1 

139— 3 

141— 2 

142— 1 

5' 4" 

140— 4 

142— 3 

144— 2 

145— 1 



14S— 3 

148— 2 

149— 1 

5' 6" 

148— 4 

150— 3 

152— 1 

153— 1 

5' 7" 

152— 4 

154— 3 

156— 1 

157— 0 

5' 8" 

157— 5 

159— 4 

161— 2 

162— 0 

5' 9" 

162— 6 

164— 5 

16&— 3 

167— 1 

5' 10" 

167— 8 

169— 7 

171— 5 

172— 2 

5' 11” 

172—10 

175— 9 

177— 7 

178— 4 

6' 0" 

178—13 

181—12 

183—10 

184— 7 

6' 1" 

184—16 

187—15 

190—13 

191—10 


Female weight, subtract number of pounds designated. 
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I. NORM.VL BODY WEIGHT IN POUNDS AND KILOGRAMS 

The normal body weight in pounds is obtained from an age-height-weight 
actuarial table (Table I) in which the figures represent weights for males, female 
weights being obtained by subtracting the small figures opposite each weight 
The conversion table (Table II) converts this figure from pounds to kilo- 
grams by dividing by 2.2. 


Table U 

Conversion* Table 


BOPY 'WEIGHT 

LB. KILO. 

BODY WEIGHT 

LB- KILO. 

BODY WEIGHT 
lb. KlhO. 

15.4 

7 

83.6 

38 

151.8 

69 

17.6 

S 

85.8 

39 

154.0 

70 

19.8 

9 

88.0 

40 

156.2 

71 

22.0 

10 

90.2 

41 

158.4 

72 

24.2 

11 

92.4 

42 

160.6 

73 

26.4 

12 

94.6 

43 

162.8 

74 

2S.6 

13 

96.3 

44 

105.0 

75 

30.8 

14 

99,0 

45 

167.2 

76 

33.0 

15 

101.2 

46 

169.4 

77 

35.3 

16 

103.4 

47 

171.6 

78 

37.4 

17 

105.6 

48 

173.8 

79 

39.6 

18 

107.8 

49 

176.0 

SO 

41.8 

19 

110.0 

50 

178.2 

81 

44.0 

20 

112.2 

51 

180.4 

82 

48.2 

21 

114.4 

52 

1S2.6 

83 

48.4 

22 

116.6 

33 

184.8 

84 

50.6 

23 

118.8 

54 

187.0 

85 

52.8 

24 

121.0 

DO 

189.2 

86 

55.0 

25 

123.2 

56 

191.4 

87 

57.2 

26 

123.4 

57 

193.6 

88 

59.4 

27 

127.6 

58 

195.8 

89 

61.6 

28 

129.8 

59 

198.0 

90 

63.8 

29 

132.0 

60 

200.2 

91 

66.0 

30 

134.2 

61 

• 202.4 

92 

68.2 

31 

136.4 

62 

204.6 

93 

70.4 

32 

138.6 

63 

206.8 

94 

72.6 

33 

140.8 

64 

209.0 

93 

74.8 

34 

143.0 

65 

211.2 

96 

77.0 

35 

143.2 

66 

213.4 

97 

79.2 

30 

147.4 

67 

215.6 

98 

81.4 

37 

149.6 

68 

217.8 

99 





220.0 

100 

2.2 lbs. = 

1.0 Kilo. 






U. CALORIC ..ILLOWANCE PER KILOGRAM 


For an average male diabetic patient, 30 calories per kilogram 

normal body 

weight are allowed; for an average female diabetic patient, 25 calories per 


gram normal body weight. These figures are used for the average type 
diabetic individual whose work is light in character, as is true of the business 
and professional worker and the housewife. Their life is spent mainly indoois, 
their greatest exertion that of walking about. More caloz’ies are unnecessary foi 
such a man, and women usuallj^ require less calories than men. 

Based on physical activity, the folloiving allowances are used per kilogiaJ’^ 
normal body w'eight. 


For a bed patient, 
For light work, 
For medium work. 
For heavy ivork, 


25 calories 
30 calories 
35 calories 
40 calories 
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III. TOTAL C,VLORIC ALLOWANCE 

This is obtained very simply by multiplying I by II ; i.e., kilograms normal 
body weight multiplied by caloric allowance per kilo yields total caloric allow- 
ance per day. 

IV. THE DIET FORMULA 

This is the simple method tised to convert the total caloric allowance into 
carbohydrate, protein, and fat. 

Protein. — For a man, one gram per kilo normal weight is allowed. For a 
woman, either thrce-ipiarters or two-thirds of a gram per kilo is sufficient. More 
than a gram of protein per kilo is unnecessary and wasteful. Less than two- 
thirds gram per kilo may be detrimental in not supplying enough protein to 
replace normal breakdown of muscle structure. It is well loiown that we in the 
United States consume a large per capita proportion of meat, much more than 
is ph 3 'siologie. For the diabetic pei'son, re-education in the matter of meat eat- 
ing is a nccessit}’. And in these days of meat rationing, a little re-education in 
how much meat we really need per day would be serving two purposes, nutri- 
tional and patriotic. 

Fat. — In order to keep the diet as close as possilile to its 20 per cent of 
caloric content in fat, an arbitrary limit on the fat in the diet must be set. The 
average American likes his fat and hence cats too much of it, and it also is a 
rationed item todajv Therefore, the fat in our diabetic diet has been fixed at a 
maximum of 90 grams per da.v. This figure allows enough butter, cream, and 
milk for the average individual, and more is hardly ever necessary. Figures as 
low as 70 grams maj' be used without resorting to artificial fatlike substances 
such as mineral oil for frying and salads. But diets using as little as 40 or 50 
grams are unsatisfactory to the patient and are usually abandoned by him soon 
after leaving the doctor’s immediate supervision in the hospital. 

Carbohydrate. — Having determined the protein and fat in the diet, the re- 
mainder of the calories are simply prescribed as carbohydrate. 

Such a calculation takes about a minute or two for any patient. The pro- 
cedure is best illustrated by an example, taking the steps in their proper order. 

Assuming we are dealing with a patient who is 42 years old, 67 inches fall, 
and is a salesman bj' occupation : 

1. Normal body weight should be 154 pounds or 70 kilograms. 

2. Caloric allowance is 30 caloiles per kilo. 

3. Total daily caloric allowance is 70 x 30 = 2100 calories. 

4. Protein : 1 gram per kilo = 70 grams. 

Fat: =90 grams 

Protein calories = 70 x 4 = 280 calories 
Fat calories = 90 x 9 = 810 calories 

280 calories (protein) + 810 calories (fat) = 1090 calories 
Total dally caloric allowance = 2100 calories 

Calories supplied by protein and fat = 1090 calories 
Calories to be supplied as carbohydrate = 1010 calories 
Carbohydrate ( grams) = 1010 divided by 4 = 250 grams. 

Diet: carbohydrate, 250; protein, lO; fat, 90. 
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INSULIN 

The patient is given his maintenance diet, as outlined, for a period of four 
or five days, without insulin if possible. This is done in an attempt to evaluate 
the degree of severity of the patient’s diabetes. In this hospital, we have arbi- 
trarily set up three grades of severity of diabetes to match the Army’s classifi- 
cation of three degrees of severity for most of the chronic diseases. The means 
used to control the patient’s diabetes serves as the index of severity, as follows: 

Mild, a diabetic individual requiring no insulin. 

Moderate, a diabetic individual requiring up to 40 luiits insulin daily. 

Severe, a diabetic individual requiring more than 40 units insulin daily. 


In our experience, about one-third of the cases fall into the mild group in 
civilian practice. Our Army experience indicates that about half are mild cases, 
and most of the other half fall into the moderate group. This difference be- 
tween diabetics in civilian and Army practice may be due to the fact that 
diabetics in the Army are discovered very eaidy and that these cases receive 
prompt and adequate treatment in a hospital. It may be that this tends to halt 
or delay the natural tendency of the diabetes to progi’ess and become more 
severe. Many such cases who have I’eceived insulin at some other Ai’my hos- 
pital have been found to require less and in many cases no insulin after treat- 
ment at our hospital. A more detailed study of these cases is being prepared 
for publication at some future date. 

Early in his hospitalization, the patient is taught to test his urine for sugar 
four times daily, once before each meal and on retiring, and to keep a record of 
these tests. In addition, he collects and measures his twenty-four hour urine out- 
put daily, and a quantitative analysis of the sugar present is done. The vohuue 
of urine in cubic centimeters multiplied by the per cent of sugar present yields 


the amount of sugar in grams that the patient is excreting dailJ^ 

Insulin dosage is based on this figure of grams of glucose excreted daily. AH 
patients requiring insulin are started on protamine zinc only, allowing as a pre- 
liminary amount one unit of insulin for every 2 grams of glucose excreted. How- 
ever, it is good policy not to prescribe less than 10 units of insulin daily. 1“ 
other words, a patient excreting less than 20 grams of glucose per day usual y 
can be made sugar-free by readjusting the carbohydrate among his three 
meals. This is where the four daily urine tests are of inestimable value. 0i i' 
narily the patient receives three meals that are equal in carbohydrate, 
and fat content, lilost patients adjust themselves to this regime without di 
culty. However, for the patient who is showing considerable sugar persistent y 
after any one of the three meals, a slight adjustment in his meals may be made. 
This consists in shifting ten to twenty grams of carbohydrate from that mea 
to another, to a time of day when he is sugar-free. An adjustment of this sor 
has saved many a patient either from taking any insulin whatsoever or fro® 


an additional dose of another kind of insulin. 

In our experience, few patients who require insulin are ever comple e 7 
controlled on protamine zinc alone. In many cases, an additional dose o 
regular or crystalline insulin is necessary. IVe have only two requireinen 
to propose when additional insulin is to be given. One is that this addition 
insulin dose shall never be more than one-third of the total insulin dose pe‘ 
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day and the other is that the additional insulin be given at breakfast time ^vith 
the protamine zinc insulin rather than at some other time of day. IVe have 
always given the two kinds of insulin in the same syringe. In our experience, 
the effect is the same as when the two kinds of insulin are given separately. 
The only precaution to be observed is that of withdrawing the clear insulin 
first, followed by the protamine zinc insulin, so as to avoid injecting protamine 
into the other insulin bottle. 

For the patient taking protamine zinc insulin, one other precaution is 
routine in this hospital. All such patients receive a small meal at bedtime, 
containing milk, to avoid depression of the blood sugar during the night to 
the reaction level. 

A few words about blood sugars : They are taken three times weekly, be- 
fore breakfast, in all diabetic patients. This is an e.xtremely worth-while pre- 
caution in a patient taking protamine zinc insulin. Such a case may suffer 
insulin reactions, if blood sugars arc not done. Treating diabetes without 
doing blood sugars is like making a suit of clothes without a pattern or a 
model. Each ease must be individualized and all factors must be analyzed to 
achieve the maximum results. 

Herein are graphically presented three cases of early diabetes seen at our 
hospital recently. They illustrate what the proper diet does, with and with- 
out insulin. 

Case 1 (Fig. 1). — This was a case of a 21-year-old soldier whose diabetes 
was discovered while in India, about one month after symptoms began. Note 
that his glucose tolerance had a peak of over 400 mg. blood sugar. He was 
placed on a high-fat diet; carbohydrate, GO; protein, 60; fat, 150; calories, 
1,730. On this diet he was hungry and continued to spill sugar. Before being 
transferred to this hospital, his diet was raised to carbohydrate, 70; protein, 
70; fat, 165; calories, 2,045. A second glucose tolerance test was better but 
still diabetic. He was still hungi-y. During this period of hospitalization he 
was sugar-free or showed only a trace of sugar for 26 out of his total of 40 
days in the hospital. 

He was transferred to this hospital on Feb. 14, 1943, and placed on a diet 
of carbohydrate, 230; protein, 70; fat, 90; calories, 2,010. This was about the 
same in total calories as his last diet in India. He was never hungry on this 
diet. A repeat glucose tolerance test showed more improvement. He was 
sugar-free or showed only a trace for 27 out of 28 days in the hospital. 

Thus, despite a complete reversal of his dietary figures, representing an 
increase of 160 grams of carbohydrate over his previous diet, his diabetes was 
controlled better than before. And this increase of carbohydrate did not make 
necessary the addition of insulin. Finally, we had a satisfied patient. 

Case 2 (Pig. 2). — This was a case of a 36-year-old colored soldier whose 
diabetes was discovered about 6 weeks after symptoms began at a station hos- 
pital in a southern camp. He was placed on a diet of carbohydrate, 124; pro- 
tein, 77; fat, 132; calories, 1,992. In addition, he was given regular insulin, 
four times daily, for a total daily dose ranging between 75 and 100 units. 
He was sugar-free or had only a trace of sugar for only 3 out of 23 days’ 
hospitalization. 
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lie was traiisfciTecl to tliis hospital or Peh. 1, 1943, and placed on a diet 
of carbohydrate, 280; protein, 70; fat, 90; calories, 2,210. Since he was ad- 
mitted on a dose of 75 units of insulin daily, it was felt wiser to give him 30 
units of protauihio zinc insulin, once daily, rather than omit insulin entirely. 
This dosage was reduced in five days to 25 units. Ilis blood sugar promptly 
became normal. He was sugar-free or showed only a trace for 32 out of 41 
days' hospitalization. An additional dose of regular insulin would have kept 
him completely sugar-free, hnt owing to the difficulties involved in teaching 
him insulin administration, it was felt wiser not to attempt to burden him with 
this o-Ntra task. 



Case 3 (Fig. 3). — This was a case of a 32-yeai--old soldier whose diabetes 
was discovered about 3 weeks after symptoms began, at this hospital. He was 
placed on a diet of carbohydrate, 225; protein, 65; fat, 90; calories, 1,970. 
At first he was given protamine zinc insulin alone, and after five days, regular 
insulin was added, to control after-breakfast glycosuria. After ten days of 
hospitalization, he was sugar-free with a normal blood sugar on 48 units of 
insulin daily. His insulin was then gradually reduced, and he was discharged 
on 20 tinits of protamine zinc insulin daily, still sugar-free. Subsequently he 
was followed for a time and his insulin progressively reduced, until he was on 
diet alone and sugar-free. His insulin was discontinued completely three 
months after his diabetes was first treated. This is not an uncommon occur- 
rence in fresh cases of diabetes that are treated early with insulin. Whether 
it bespeaks a “cure” of such diabetes is still a problem for the future to decide. 
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However, it does indicate that those patients that require insulin should be 
given enough insulin to bring them quickly under control. Rather than in- 
crease the insulin dosage gradually to a inaximum, we prefer to give the 
maximum insulin dose at the beginning of treatment and decrease it later, as 
necessary, thus pei-haps discontinuing it entirely in tlie course of a few months, 

SUJIJIARY 

1. The diabetic diet should be a physiologic diet and based on knonm 
values of the normal diet. 

2. The diabetic diet should be prescribed for the individual patient, ac- 
cording to his needs. 

3. The diabetic diet is based on normal body weight, obtained from age- 
height-weight tables, and on the degree of physical activity of the patient. 

4. The total calorie allowance is quickly and simply calculated for each 
individual patient. 

5. By a simple method, the total calorie allowance per day is divided into 
carbohydrate, protein, and fat, in accord with physiologic values for a normal 
diet. 

6. The principles and procedure for prescribing insidin are simplified. 

7. Finally, three cases of early diabetes treated by these principles are 
graphically presented, illustrating the simplification of the treatment of diabetes. 



CIRCA 42, A NEW ITCH RBSEEDY* 


J. Franklin Yeager, Ph.D., and Ciiakles S, Wilson, SI.S., Beltsville, Md. 


T his is a report of ta new itcli remedy, called Circa 42, designed to relieve 
the itcliing of shin wlicn applied externally. It has been developed in re- 
sponse to an acute wartime need of a means of preventing or alleviating skin 
irritations caused by tlie attacks of insects such as chiggers, mosquitoes, etc., and 
of lessening thereby tlie danger of infection from scratching. At the authors' 
request, a number of pei'sons suffering from chigger bites or itches tliat arose 
ill other ways have tested Circa 42 on themselves. Written records indicate 
that Circa 42 lias considcralile promise as an efficacious itch remedy and sliould 
be brouglit to tlie attention of tliosc interested in the treatment of pruritic skin. 


Tile composition of Circa 42 is 

n-butyl-p-aminobcnzoatct 100 Gm. 

benzyl alcohol 170 c.c 

anhydrous lanolin (melted) 20 cc. 

cornstarch 640 Gm. 

sodium lauryl sulfonate 64 Gm. 


plus additional benzyl alcohol as indicated below. The n-butyl-p-aminobenzoate 
is dissolved in the benzyl alcohol, which is /ii-st warmed, making an approxi- 
mately saturated solution. The melted lanolin is added, and the mixture is 
kept warm and stirred until as much of the lanolin as will dissolve is in solu- 
tion. While the liquid is warm, it is added slowly, a little at a time, to a thor- 
ough mixture of the cornstarch and the sodium lauryl sulfonate, and the whole 
is carefully Itneaded to distribute the liquid evenly thi-oughout tlie powder. An 
additional amount of benzyl alcohol, about a tenth of tliat already used, is 
added as before to give the inatci'ial a desired consistency. Tlie final prepara- 
tion should be a doughy, nongreasy, cakolike material that can bo packed in 
ointment jare or other suitable containci'S, altliough it is better not to use con- 
tainers made of metal. 

When the remedy is to be applied, the skin may be moistened slightly witli 
water, depending on tlie physical consistency of the Circa 42. TJiis material 
is rubbed onto the skin until it foi-ms a moderately thick layer over the af- 
fected region. No attempt should be made to rub it vigorously into the skin. 
It will gradually dry to a powder, which should be left on the skin undis- 
turbed. Effectiveness of treatment is lost when the material is removed from 
the skin by sweating, bathing, friction of clothes, etc. 

The benz^d alcohol penetrates the skin quickly and produces a local anes- 
thesia of short duration. The n-biitjd-p-amiiiobenzoate penetrates more slowly, 
but has a more prolonged local anesthetic effect. When the alcohol of Circa 42 

•Prom the U. S. Department of Afirnculture, Bureau of Entomology and Plant Quarantine, 
Agricultural Research Administration 

Received for publication, July 22. 1D43. 

tSold under the name "Butesin/' 
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enters the treated skin, it takes dissolved benzoate in with it. The combined 
anesthetics produce a quick and prolonged local anesthesia. The lanolin helps 
to soften the skin and favors penetration, the sodium lauryl sulfonate facili- 
tates spreading, and the cornstarch acts as an inert carrier ba.so. 

Records were obtained from 32 persons suffering from ehigger bites and 
only 2 failed to obtain any relief. A total of 83 treatments were made. Of 
76 records indicating quickness of relief, 61 showed that relief was obtained 
in less than 15 minutes, 13 in 15 to 30 minutes, and 2 in more than 30 min- 
utes. Of 69 indicating duration of relief, 14 showed that relief pereisted for 
less than 5 hours, 15 for 5 to 8 hours, and 40 for more than 8 hours; of the 
la.st, 13 showed that relief lasted from 8 to 48 hours, and 27, that the relief 
was permanent. In 18 instances permanent relief ivas obtained after only 1 
application of the material; in 6 instances, after 2 applications; and in 2 in- 
stances, after more than 2 applications. Six of the 83 recoi’ds did not indi- 
cate speed and duration, but all showed that some relief was obtained; 8 were 
interrupted by loss of the material from the skin because of bathing, sweating, 
and friction from clothes, but not before some relief from the itching was 
obtained. 

The material was tested also on skin itching from other causes. Seven 
persons reported on 14 treatments made for relief of mosquito bites; 7 of these 
treatments were each followed by relief in less than 15 minutes, 6 in 15 to 30, 
and 1 in more than 30 minutes. Each of 9 treatments gave relief lasting less 
than 5 hours, and each of 4 gave permanent relief. 

Permanent relief of discomfort from a yellow jacket sting was reported 
by one person, the relief occurring in less than 15 minutes. Another person 
treated “spider” bites. Each of 4 treatments gave relief in less than 15 min- 
utes ; 3 gave relief for 5 to 8 hours, and permanent relief from 1 bite was had 
after 2 treatments. 

Five persons reported on use of the material to relieve itching from un- 
recognized causes. Of the 11 treatments, 9 gave relief in less tiian 15 minutes, 
1 in over 30 minutes, and 1 gave no relief at all; 1 gave relief lasting less than 
5 hours, and each of 8 treatments gave relief for over 8 hours. In two in- 
stances the relief lasted indefinitely, in one case after 1 treatment, in the 
other, after 2. 

Two persons reported on treatment of poison ivy itch with Oirea 42. Bach 
of 2 treatments gave relief in less than 15 minutes, and each of 2 others in 1 
to 30 minutes. Relief lasted loss than 5 hours in 2 instances, 5 to 8 hours in 1, 
and indefinitely (after a single treatment) in 1 instance. 

Similar results were indicated verbally by a number of other persons who 
used Circa 42 to relieve itching from ehigger bites, mosquito bites, poison 
ivy, and unknoivn causes. 

Equally promising results have been obtained by personnel of the Unite 
States Army,* who have made preliminary tests wherein Circa 42 was 
in the tropics to relieve itching caused by ehigger bites and fungus infections. 

Conclusio'iis . — These tests indicate that Oirea 42 shows considerable prom 
ise as a remedy for the relief of itching skin and is worthy of more extensnc 
trials by those interested in the treatment of pruritus. 

•Permission to refer to those results has Rindly been granted by the Office of the Surge 
General. Washington, D. C. 



CLINICAL USE OP ORAL THERMOMETERS' 


Report op Study to Determine Time Required for Reliable Registration 


Norman De Nosaquo, M.D., Irvin Kerlan, M.D., Lila F. ICnudsen, B.S., 
AND Theodore G. IClumpp, JI.D., Washington, D. C. 


A lthough many scientific papers have been written on the subject of 
clinical thermometers, one question has remained unanswered: What is 
the basis for the time designations (“1 minute,” “jA minute,” "60'seconds,” 
etc.) used on oral clinical thermometers? In an effort to gather information 
on this subject, a questionnaire was sent to 100 training schools for nurses 
throughout the country. This questionnaire asked; (1) “What is the mini- 
mum time interval between insertion and reading of clinical thermometers?” 
and (2) “Have the above time inten’als been selected on the basis of the manu- 
facturers’ statements, your own clinical tests, common loiowledge, or some other 
basis?” Of the 09 replies to the first question, 27 answered that the time of 
insertion of the thermometer in recording oral temperature was less than three 
minutes; 37 stated three minutes; and 5 recommended longer than three min- 
utes. In reply to the second question, 13 stated that these time inteiwals were 
based partially or wholly on mamifacturers’ statements; 30 on elinical test; 26 
on common knowledge; 10 on textbook statements, and 10 on e.\perienee. Sev- 
eral of the replies to tlie second question indicated that the basis of selection 
of a time interval had been obtained from more than one source. Since there 
seemed to be such wide variance among professional peisons most familiar ivith 
the taking of oral temperatures, and since the time designations on the instru- 
ments have been interpreted by lay users to indicate the time necessary for 
registration of the actual temperature of the patient, it was decided to under- 
take a study to determine the time required for oral elinical thermometers to 
reach equilibriumt in the mouths of individuals under ordinary conditions 
of use. 

Approximately 1,000 clinical thermometers were collected by the Pood and 
Drug Administration throughout the United States in the Spring of 1940. Of 
these thermometers, about 800 were found to meet the requirements and tests 
specified for clinical thermometei-s in the Commercial Standard CS 1-32 of the 
United States Department of Commerce, Bureau of Standards. By random 
sampling of these 800 thermometers, 20 instruments were selected for testing. 

Realizing at tlie outset that there might be wide variations in the time 
required for individual instruments to reach equilibrium, preliminary investi- 
gations were conducted to ascertain the effect of various media with different 
conductivity coefficients on the form of the “time-temperature curve” for oral 

•From the Food and Drug Administration, Federal Security Agency. Washington, D. C. 
Received for publication. July 29, 1D43. 

tEquilibrium of an instrument was considered for our purposes to be that temperature 
reading within one-tenth of one degree of the registration of the instrument after five or six 
minutes of insertion In the media. 
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clinical thermometers. In these preliminary studies simultaneous observations 
of time aiid temperature readings on oral clinical thermometers were made 
under laboratory conditions in different media at vai'ious temperatures. Sub- 
sequently, the clinical experiment was undertaken. The details and results of 
both the laboratory and clinical experiments are given below : 

W.VTER BATH EXPERUIENT 

These 20 therniometei-s were placed, in pairs, in a water bath which was 
maintained at a constant temperature by means of a thermostat and a device 
to keep the water in circulation. A reading was taken of each instrument every 
thirty seconds for six minutes. The bath was maintained at 98° P. until all 
the thermometers were read, then at 100° P., 102° F., and finally lOF P. 
Conditions were carefully controlled so that as few extraneous factors as pos- 
sible would influence the results. Some of these factors were : depth of immer- 
sion of the thermometer in the water, angle of vision while reading the instru- 
ment, interval of testing during the heating cycle of the bath, and the human 
factor (all readings by’ the same person) in reading the instrument. 

It was noted that the mercury rose rapidly, and although each instrument 
reached equilibrium within ten seconds, the water bath experiment 
tain information concerning the variation of the final readings among ther- 
mometei’s. It appeared that the thermometers were slightly more variable at 
lower temperatures since the standard deviation at 98° P. was 0.13° and de- 
creased as the temperature was increased, until at 101° P. it was 0.09.° (The 
ratio of these variances is just significant statistically and indicates a pos- 
sible trend.) 

As the rise of merciiry in the thermometers was too rapid in this medium 
to obtain a satisfactoiy ‘‘tune-temperature curve,” it was decided to repeat the 
experiment in another medium with a lower conductivity coefficient. 


ABR-BATH EXPEKIAIENT 

A practical medium with a lower conductivity coefficient than water is au’- 
Testing was carmied out in a thermostatically controlled air bath, with the tem- 
perature maintained at 106° F. The 20 thermometers were mserted in the am 
bath singly. The time required for the mercuxy colunm to rise from 91° F- 1° 
95, 96, 97, 98° P., etc., was recorded. It was observed that all the thermometer 
reached equilibrium in ninety .seconds. Nevertheless, the thermometers were 
retained in the air bath for six minutes to make certain that the instruments 
had reached equilibrium. Each instrument was recheeked after an initial test. 
Such factors as depth of insertion of the instrument in the air bath, angk ol 
vision while reading the instrument, interval of testing during the heating Q ce 
of the bath, and the human factor in reading the thermometer were eontroHe • 

The readings of the temperature and time in seconds are plotted for u 
single typical thermometer in Pig. 1. It is noted that about one and one-hs^ 
minutes were required for an oral clinical thermometer to reach equilibrium m 
an air bath. The repeated obserwations on the same thermometer closely dup i 

•AH timing throughout the invesUgatiou was done with a stop watch calibrated 
tentlis of a second. 
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cate those o£ the initial readings. Considering the actual data and theoretical 
aspects, a smooth curve was fitted to the data. It is of the form 
Y = T, - (Tt - T,) c-'-' 

where T, is the initial temperature reading of tlic thermometer (here 94° P.), 
Tt is the final temperature, and Y is the temperature at any given time (.v). 

^ In terms of logarithms, the equation means that a straight line with slope 
h could be fitted to plotting of the logarithms of the relative change in tern- 
poratiu’C Against time. 

All 20 were tested in tlic same manner, and it was found 

that tliis type of equation was tlie bc.st fitting in each instance. 



0 60 i20 180 240 300 360 

Time in Seconds (x) 

1.— Curve flUeil to theimomeler reatlin&s in air bath constant at :oG* P. 

CLINICAL TESTING 

Prom these determinations in the air bath, the 20 thermometers under con- 
sideration were arbitrarily cla.ssed as *‘slow” and “fast.” It was noted that 
some of these instruments bore a time designation and that about lialf were of 
the “regular” bulb type and the remainder “stubby” bulb instruments. Con- 
sequently the 8 Uierniometers picked from the group of 20 for use in our clin- 
ical study were separated into 8 groups according to these three physical char- 
acteristics. This choice and classification were made primarily to insure that 
the various types of oral thermometers were equally represented in the clin- 
ical test. 

Since it was realized that physiologic variations in individual subjects 
might influence the recording time, a preliminary clinical investigation in 
■which a thermometer was inserted in a patient’s mouth for periods of from one 
second to ten minutes showed that it is possible to repeat temperature readings 
closely even when the thermometer is inserted for less than one minute. How- 
ever, these readings were not the patient’s “actual” temperature as indicated 
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by the reading of the instrument after five or six minutes. The point to which 
the mercury was shaken down seemed to make little difference as long as the 
meniscus was below 95° F. From this experience, the following “time inter- 
vals” were chosen for use in the clinical testing of the 8 thermometers: (1) 
five seconds; (2) ten seconds; (3) twenty seconds; (4) thirty seconds; (5) 
forty-five seconds ; (6) sixty seconds ; (7) ninety seconds ; (8) one hundred and 
twenty seconds; (9) one hundred and eighty seconds; (10) two hundred and 
fox'ty seconds; (11) three hundred seconds; (12) three hundred and sixty 
seconds. 

It was noted during these preliminary clinical studies that certain activi- 
ties appeared to affect the registration of the temperature. Taking hot drinks 
and smoking produced transitory elevation, and the taking of cold drinks 
caused a temporary lowering of local mouth temperature, which required from 
fifteen to thii-ty minutes to return to “normal.” Consequently, suitable pre- 
cautions were taken to control the subject’s activities directly before and dur- 
ing the regular periods of testing. 

In the clinical study of a group of 16 healthy girls, 8 white and 8 Negro, 
and a group of 16 healthy boys, 8 white and 8 Negro, all between the ages of 
14 and 20 years, were used. Since the subjects were domiciled in training 
schools, their activities and diets xvere comparable throughout the periods of 
testing. These 32 subjects were taught the proper method of using an oral 
clinical thermometer. The 8 selected thermometers were tested and rechecked 
on all the subjects in both groups. The thermometers were read, temperatures 
recorded, and the instruments shaken down by us to a point near their original 
readings (below 95° F.) after each of the specified time inteiwals. One hour and 
fifteen minutes were required to complete an initial and reeheck “set of read- 
ings” for each subject with any one thermometer. Each subject was tested 
about the same time of day in order to reduce the possibility of encountering 
the diurnal variation of the person’s temperature. 

The summary of the clinical tests consisted of 493 “sets of readings,”* or 


5,916 individual readings. (A “set of readings” is one subject’s temperature 
record at all of the 12 time intervals as registered by any one instrument.) 

The “time-temperature curve” for a single thermometer on a single sub- 
ject was not as smooth as that for a single thermometer in the air bath. Tbis 
is undoubtedly due to a slight physiologic variation in the subject and/or 
variations in the contact between the instrument and the surrounding tissue. 
However, an average “time-temperature curve” for several subjects on several 
thermometers is a smooth curve, although of slightly different type from that 
obtained when the thermometer is tested in an air bath. 


Pig. 2 shows the average of the 493 readings plotted for each time interval, a 
smooth curve fitted to these averages, and, for comparison, a curve of the typ® 
applied to the data from the air bath experiment. The difference between the 
two curves can be seen readily. Although both curves seem almost identica 
for the first sixty seconds, the air bath curve continues in a horizontal Im®, 
while the curve for the averages of the clinical data continues to rise. Tins 
continued rise of the curve fitted to the clinical data may be due to a delaj® 
rise of the mercury column in the thermometer caused by the slow return o 


•Because of circumstances beyond our control, only 493 complete "sets of readings 
obtained. 
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the tissues to body temperature after a possible slight cooling of these tissues 
on initial contact with tiie thermometer. 

Having determined the “time-temperature curve” of a clinical themom- 
eter under clinical conditions and having demonstrated the difference between 
tile “time-temperature curves” for laboratory and clinical conditions, we con- 
cluded that we could proceed to determine the lengtli of time necessary for a 
thermometer to approach within one-tentli of one degree of the “final” tem- 
perature under clinical conditions. “Final” temperature, for our purpose, is 
tile average of tlie five- and six-minute readings of cacli set for each individual. 
Within each set of readings for 1 thermometer and 1 subject, differences were 
taken between each reading and its own “final” temperature. As will readily 
be seen, by using these differenec.s the variation between tliennometers and tlie 
variation between individuals are eliminated. This permits the tabulation of 
the difference between tlic actual reading at any given time interval and the 
reading finally attained. 



0 60 120 180 240 300 360 


Time in Seconds (x) 

Fig-. 2. — Curve fitted to average.*} of 4I»3 “sets of clinical leadings’* as compared with a 
theoretical curve of the type derived from air bath data. 

unbroken line, clinical reading. 

broken line, theoretical curve dciivcd from air bath data. 

It can be seen from Table I that an oral clinical thermometer should re- 
main in the moutli for three minutes (one liundred and eiglity seconds), since 
the average of the 493 determinations required that amount of time to come 
within one-tenth of one degree of the final reading. In tliis study, in which 
32 persons were used, the average three-minute temperature of the boys is 
98.4° F. while that for the girls is 99° F. 

A detailed statistical study of the differences from the “final” tempera- 
ture by analysis of variance demonstrated tliat differences between sexes or 
between subjects were statistically significant in this clinical study. The differ- 
ences between thermometers, however, were not significant even wlien they 
were separated into two groups; namely, those marked “1 minute” and those 
having no specified time designation. 
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The readings on the thermometers marked "1 minute" did not approach 
their ow “final" readings significantly faster than tlie unmarked thermometers. 
At the end of three minutes, the thermometers witli no time designations liad 
an average difference of 0.093° + 0.010° F. from the “final" temperature read- 
ing, while the corresiionding figure for those ivith time designations was 0.077° 
+ 0.011° F. The type of bulb did not seem to cause any differences in the time 
recpiired to reach the “final" reading. These figures for thermometers with 
no time designations on “regular" and “stubby" bulbs were, respectively, 

0.105° ± 0.013° and 0.081° + 0.016° F., while for thermometers with time desig- 
nations, the averages for “regular” and “stubby" bulbs were, respectively, 
0.065° ± 0.015° and 0.088° ± 0.016° F. 


Table I 

Average Differences, Standard Deviation of Differences, and Gre.itest Difference 
From “Final” Temperature for Each Time Interval fob the 193 Sets of Ee.vdings 



DIFFERENCE 

.FROM subject ’.s FINAL 

TEMPERATURE 


1 



SECONDS 

AVERAGE DIFFERENCE, 

standard deviation 

GRE.U’EST difference, 


DEGREES P. 

DEGREES F. 

degrees f. 

0 

2.792 

1.146 

6.S 

10 

1.780 

0.S99 

4.8 

20 

1.083 

0.048 

3.S 

30 

0.731 

0.4S5 

3.6 

45 

0.511 

0.39S 

3.2 

60 

0.367 

0.332 

2.0 

90 

0.225 

0.251 

1.5 

120 

0.151 

0.251 

1.0 

180 

0.0S3 

0.169 

0.9 

240 

0.044 

0.159 

O.S* 


‘There was one very unusual ilifference greater than O.S. This flgure was I.7. 


APPLICATION OF RESULTS 

On June 12, 1941, the Food and Drug Administration issued a trade notice 
to manufaeturex’s and distributors of clinical thermometers in reply to nunxei- 
ous requests concerning the type of information that should appear on clinical 
thermometers and in the circulai’s accompanying the instruments. In order to 
obtain uniformity of information in the material to accompany' the instruments 
which would not meet with adverse criticism under the provisions of the Fed- 
eral Food, Drug, and Cosmetic Act, a circular entitled “Directions for Use of 
Thermometer" was provided as a guide. The text of this circular included 
information on how to read, shake down, use, and care for a thermometer and 
interpret temperature readings as well as information regarding the accuracy 
of the instrument. Copies of this circular may be obtained, upon request, from 
the Food and Drug Administration, Federal Secuidty Agency', Washington, D. C. 

CONCLUSIONS 

1. The chax’aeter of the rise of the mercuiy column in an oral thermonietei 
under clinical conditions is different from that under laboratory conditions. 

2. In this study, thermometers marked with specific time designations 
“1 minute," “i/o minute," and “60 seconds" xvere found to require about the 
same length of time for the instrument to reach equilibrium .as thermoineteis 
with no time designations. 

3. Three minutes should be the minimum time uiteiwal allotted for an oral 
theimiometer to reach equilibi’ium under ordinaiy conditions of use. 



ELLIPTOCYTOSIS, A REPORT OP TWO CASES' 


iURY K. Helz, il.A,, AND SIaud L. SEenten, SE.D., Ph.D.^ Pittsburgh, Pa. 


E LLIPTOCYTOSIS is a rare morphologic aiioinal}’ of Immaii red blood cells. 

The condition was first described by Drosbach^ in 1904 and apparently has 
no patliologic significance. Wyaiidt and her xissociatcs- in 1941 presented a 
total of 332 eases, composed of 86 persons studied by tlieiii and 246 individuals 
previously reported. In tlic following rejiort, two additional individuals, an 
American Negro baby and his father with this anomaly, are added to the list. 
A detailed stud}’ of blood of the baby indicated a progressive increase in the 
degree of elliptocytasis during the fii'st four montlis of life. 

A comprelionsive bibliograpliical survey of elliptocytosis has been given by 
Wyandt, et al. and need not be repeated here. No additional references have 
been found in the literature. 

The pertinent findings of our ca.ses are outlined below: 

Case 1. — The i)atic*nt, a niulo aged two and one-half inoathg, was admitted to the Children. 'a 
Hospital of Pittsburgh on August 30, 194-, with a history of diarrhea, malnutrition, and a fever 
of two and one-half days’ duration. He was weak and dehydrated. During his se\eu weeks* 
stay in the hospital ho gamed weight slowly un«I, except for the period between October 10 
and October 17, 194^2, wlicu lie developed an upper icspiiatoiy infection and a bilateral otitis 
media, lie maintained a subnormal tcmxierature. Bactcriologic findings and urinalysis were 
irrele\ant. At the time of hi.s dischaigc on October 23, 1D42, he appeared much iinpro\ed. 
During the iirst routine blood e.xamina(iun a considerable number of oval red cells were 
discernible in. the counting cliambct and n tentative diagnosis of elliptocytosis was made. 
Blood examination during liU period of UospUalitation, together with two blood counts at a 
later date, is sumniari/cd in Table I. The leucocytosis occurring during the early hospital- 
ization was piobably related to otitis media. Tlic cause of the lymphocytosis on the last 
examination w’as not asceitaincd. 


Table I 


DATE 

IIU. IN 

GIUMS 

It B C IN 
MILLIONS 

W B C IN 
THOU- 
SANDS 

NEUTRO- 

PlIILES 

% 

LYMPHO- 

CYTES 

MO.N'O- 

CYTES 

% 

MYELO- 

CYTES 

% 

META- 

MYELO 

CYTES 

% 

EOSINO- 

PHILES 

% 

8/31/42 

10.0 

3.4 

14.2 

41 

40 


6 

10 

2 

9/H/42 

8.8 

3.5 

12.9 

49 

48 

2 

1 



9/30/42 

9.2 

3.75 

11.7 

69 

25 

1 

1 


4 

10/14/42 

7.5 

3.1 








10/23/42 

8.2 

2.05 

6.S 







12/ 1/42 

8.1 

2.9 

9.1 

54 

40 

1 


4 


4/ 1/43 

10.0 

3 61 

14.1 

27 

69 


1 

2 

1 


On December 1, 1942, the patient, apparently well, was readmitted for further blood 
study. Blood platelets averaged 486,000 per c. mm. Tlie reticulocytes showed a value of 
l.S per cent, and none of these appeared oval. Fragility tests gave a range of hemolysis 
between 0.50 per cent and 0.30 per cent sodium chloride. Increased oxygen and carbon dioxide 
tension and washing with lecithin produced no appreciable change in the appearance of the 

•From the Departments of Pathology, University of Pittsburgh, and Children’s Hospital. 

Received for publication, July 30, 1943. 
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erythrocytes. Enumerated erythrocytes in stained smears were divided into three groups oa 
the basis of the following measurements: namely, round cells (6 to 8.5 jj-), oval cells (9x6 
II to 6.5 X 5 li), and sausage-shaped cells (11 x 3.2 /r to 7 x 5 p). Comparison of ‘the 
percentile distribution of the cells in the three groups is shown in Table 11. 


Table II 


DATE 

I HB. IN 
GRATIS ' 

R B C IN 
MILUONS 

NO. CELLS I 
COUNTED ! 

% 1 
ROUND 

mmmm 

% 

SAUSAGE 

9/11/42 

8.8 

3.5 

400 

75 

BEyBI 


9/30/42 

9.2 

3.75 

400 

67.5 

32 

HSjjQSB 

10/14/42 


3.1 

400 

76 

22.5 


10/23/42 


3.75 

400 

33 

59 

i S 

12/ 1/42 



2000 

36 

1 51.9 

nn^pm 

4/ 1/43 



2000 

34.6 

52.6 




Fig. 1.— Photomicrograpli of blood smear showing elliptical cells. (Wright and dilute Giemsa 

stain.) X1200. 

It is concluded that stability in the development of elliptocytosis was reached about the 
fourth month, because a progressive increase in the percentage of sausage-shaped cells we® 
observed up to but not beyond this time (Pig. 1). After the fourth month, constant per- 
centages of oval and sausage forms were obtained. The interruption in the progressive 
increase in degree of elliptocytosis shown on October 14, 1942, is probably due to iufectjon. 
Sternal marrow showed all nucleated red cells to be round. 

Case 2. — The father of tliis patient, aged 25 years, was the only member of tliis family 
available for study who showed elliptocytosis. One complete blood count established the 
diagnosis, but no opportunity was presented to study his blood in detail. His stained 
showed no sausage-shaped forms, but a fair percentage of oval forms. Complete bloo 
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counts inrnle on tho mother, a paternal uncle anil his baby, and the paternal grandmother 
showed nothing of interest. 

DISCUSSION 

The most interesting feature was the progressive increase in the degree of 
clliplocytosis up to tho fourth month, when the condition apparently became 
stabilized. AYyandt et al.- and Hunter* reported that the anomaly was present 
at birth with an increasing degree of elliptocytosis as growth of the cliild pro- 
ceeded. Neither investigator stated when the degree of development was com- 
plete. Hunter was unable to follow the increased abnormality of the shape of 
cells beyond the third month because of the sudden death of the cliild. 

A possible explanation for the decreased percentage of elliptical cells dur- 
ing infection, as sliown by the count on October 14, 1942, may be the fact noted 
in transfusion experiments by Yischer^ that these abnormal cells have a shorter 
life span of twelve to thirteen days, as compared with the approximate thirty 
days’ life span of the normal red cells, and hence may be more readily removed 
from tlie circulation. This more rapid destruction would result in a greater 
nuinher of young normal erythrocytes in tlic peripheral circulation and thus 
a relatively lower percentage of oval fonus. 

Tlio nucleated rod blood cells in the sternal marrow and reticulocytes in 
the circulating blood did not exhibit elliptical contour. Tliis observation agrees 
with the findings of Cheney,® Lcitner,® and Terry ct al.’ in contrast to tliosc of 
Plorman and ^Yintrobe® who noted 0.2 per cent elliptical reticulocytes in bone 
marrow. Altering environmental conditions, as with increased Os and COs) 
produced no alteration in the elliptocytes. 

SUMMAUY 

Two cases of elliptocytosis arc reported. In one of those, a progressi\e 
increase in the degree of elliptocytosis up to the fourth month was noted. 
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erytliroeytes. Enumerated erythrocytes in stained smears were divided into three groups oa 
the basis of the following measurements: namely, round cells (6 to 8.5 /t), oval cells (9x6 
H to 6.5 X 5 i«), and sausage-shaped cells (11 x 3.2 m to 7 x 5 /«). Comparison of'the 
percentile distribution of the cells in the three groups is shown in Table IL 


Table II 


DATE 

HB. IN 
GRAMS 

R B C IN j 
MILLIONS 1 

NO. CELLS 1 
COUNTED 1 

% 

ROUND 

% 

OVAL 

% 

SAUSAGE 

9/11/42 

8.8 

3.5 


75 

25 

||||||||||[||| 

9/30/42 

9.2 

3.75 


67.5 

32 


10/14/42 

7.5 

3.1 

400 i 

76 

22.5 


10/23/42 

8.2 

3.75 

400 

33 

59 

8 

12/ 1/42 

S.l 

2.9 

2000 

36 

51.9 

12.1 

4/ 1/43 



2000 

34.6 

i 52.6 

i 12.8 



Fig:. 1. Photomicrograph of blood smear showing elliptical cells. (Wright and dilute Giemsu 

stain.) X1200. 

It is concluded that stability in the development of elliptocytosis was reached about the 
fourth month, because a progressive increase in the percentage of sausage-shaped cells t'us 
observed up to but not beyond this time (Fig. 1). After the fourth month, constant pet 
centages of oval and sausage forms were obtained. The interruption in the progressive 
increase in degree of elliptocytosis shown oa October 14, 1942, is probably due to infeotiou- 
Sternal marrow showed all nucleated red cells to be round. 

Case 2. — The father of tliis patient, aged 25 years, was the only member of this 
available for study who showed elliptocytosis. One complete blood count established 
diagnosis, but no opportunity was presented to study his blood in detail. His stained snic^*^ 
showed no sausage-shaped forms, but a fair percentage of oval forms. Complete b oo 
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veloped. Iho following morning, the patient was stuporous, and by afternoon was comatose. 
Marked bleeding now occurred after cleaning Ins teeth or after any minimal trauma to 
the mouth. 

By the use of transfusions from donors w'ho had received vitamin K, whole blood 
transfusions, plasma, vitamin K, and other measures, the bleeding was controlled and the 
patient improved. The prothrombin increased to near normal, the icteric index gradually 
diminished to 220 by July 15, and the patient appeared improved. On July 21, it was de- 
cided to attempt a liippuric acid excretion test in an effort to determine the functional 
capacity of the liver. Tlic routine test, as devised by Quick, 2 was used, the patient being 
given 0 Gm. of sodium benzoate in 30 c.c. of water, by mouth. The test was uneventful 
until four hours after tlie administration of the sodium benzoate, when the patient suddenly 
complained of severe pain across his upper che.st, “as if sonicbod)’ was stabbing me with 
a knife,” extreme dyspnea, and orthopnea. His blood pressure earlier in the morning was 
106/70; but now it was 150/120 and the pulse w.as lapid and thready. The patient rapidly 
went into shock, with the pulse becoming imperceptible, and lapsed into a semicoma; then 
by the use of plasma, oxygen, and .stimulants, he recovered from the shock and felt better 
within a few hours. Electrocardiogram, x-ray of the chest, physical examination, urine, 
chemical studies of the blood, and other examinations were all essentially as before the 
test, except that the icteric index had gone up to 275, Tlie following day, on July 22, 
the patient’s condition was further improved, and repeated studies failed to reveal a cause 
of the episode. 

A rather rapid survey of the literature revealed no report of untoward systemic reac- 
tions from sodium benzoate, and it was thought that tlie episode was incidental and not 
duo to the drug. The first test was not completed, and as the condition of the patient was 
satisfactory, the test was repeated on July 23, the patient again being given 6 Gm. of 
sodium benzoate in 30 c.c. of water, by mouth. At approximately the same time, four hours 
after ingesting the chemical, the paticut again conipbiined of severe chest pain, this time 
across tho lower cliest. Extreme dyspnea and orthopnea occurred a few minutes later, with 
the blood pressure rising to 155/126. The patient again rapidly went into shock, requiring 
intravenous glucose, plasma, oxygen, and stimulants for relief. During the shock his con- 
dition resembled that of a patient with a rather large pulmonary embolus He could not 
be aroused for about twenty minutes and was stuporous and confused for four hours. 
Again the patient made a recovery from tho shock, but this time only partially regained 
his former condition, feeling much weaker, appearing rather ill, and lacking his usual 
appetite and good spirits. Again, a thorough study was essentially as before the reaction, 
except for the icteric index, which had increased from 220 on July 15 to 275 on July 22, 
and to 285 on July 24. This was interpreted as an indication of increased damage to the 
liver, as there w’as no evidence of hemolysis of a large number of led blood cells. After 
tho second episode, it wms felt that both reactions w'ere due to the sodium benzoate. This 
was further substantiated by the fact that the patient had received only vitamin K, vita- 
min B complex, choline chloride, transfusions, and plasma during lus hospital stay, and 
continued to receive these during his recovery from each episode. The two reactions were 
essentially similar and occurred at almost exactly the same time after ingesting the drug 

After the first reaction, the white count waa 4,450, with 40 per cent poJymorphonu- 
clears, 8 per cent cosinophiles, 7 per cent basophiles, and 4G per cent lymphocytes. 

On July 20 ho developed a cough, fever, sore throat, and malaise. Examination re- 
vealed mild redness of the throat and enlarged cervical glands. Otherwise, nothing was 
made out on plij’sical examination aside from jaundice, small liver, and emaciation. The 
white blood cell count was 1,000, with 4 per cent eosinophiles, 1 per cent basophiles, 01 per cent 
lymphocytes, and 34 per cent monocytes. Bepeated examinations of several smears showed 
no neutrophilic granulocytes. Tables I and H tabulate the white and differential blood 
counts, hemoglobin, red blood cell counts, liver, and transfusions during this period. One 
hundred units of liver extract and a 250 c.c. transfusion of whole citrated blood were given. 
On the following day, July 27, there were 2,400 white cells, again without any neutrophilcs, 
tho differential showing 5 per cent eosinophiles, 2 per cent basophiles, 58 per cent lympho- 
cytes, and 35 per cent monocytes. Several cheekiip counts, including the various vital 
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li)l 

stuiliti, conliuuod to shun fomjiloto aWoiioc of tho iioutropljilio sorioii. Tho I'ntloiit con> 
tinned to receive whole Mi>oii tran!'fu>ioiis, -00 iiniti of intrunniscnlar li\or dully, mid lnr|;o 
amounts of nil the vitmmn--. 

On July 2S, the white count )\as »tJ50 and was still witliout any of tho noutrojihlllo 
series. Tho patient nas nuicli worse, the con|»h ami fever had inerensed in sovorlty, and 
tho throat was now quite rod and swollen, hut without ulcer.*'. Tlio cmij;h was produotivo 
of a {'rconisU-yollow, foul sputum, with iuiuuueraldo Vincent's ov^jauisms, hut NvltU no 
pus cells. 

By July 20, tho patient had uot iiiipro)ed, ami a .stenml biopsy by tho puiicli nietliod 
was made. This rooaled an anested maturation of the myeloid elements of tlui liomi mar* 
row, except cosinophilcs ami liaMiphile.s. Peculiarly eiionxli, these two I'DUsllliU’nls worn 
found ill normal or increased mmihers, mostly in mnttire fmni, The mnount of iutruimiscu* 
hir liver injected was increased, uml tho small Mood transfusions weio ^xiven moie fu'* 
quently. Tho blood count itnulunlly incumsed uftor this so that forty hours after the in- 
crease iu liver dosage, the total white count was .'5000, with 0 per cent myelohliisis, 110 jier 
cent nnolocyto.s, 9 per cent M'gmeuteel neutrophilic foiiiis. 7 per emit eosinophllcH, 2 per ci’iil 
basopliilos, 32 per cent l\nii)hoc\fo,s, and It per ceiil mimacyles. 

Tho bono marrow apparently regainetl its iioriiml nliility to nmlinate giamiloaytlo 
ncutrophiles, since, when the patient dexeloped u sevoie neule systemic Infeetloa on Aug. 
10, tho white blood count rapidly rose to 30,000, with Ofi per coal gnimilocyles. 'J'lie ijifec- 
tiou xvns controlled by the use of sulfndia/.iiie, without otYect on the bono niarrosv, but ha 
eventually died on Sept. 11, 1012, from liver failure. Tho icteric index gtiuhmlly ilecM'ased 
from 285 to 200, and ronuiined at npproviiimtely this level until ileatli. Autopsy revealed 
Rovoro yellow atiophy of tho liver, imirhed di'generation of the eorims Nlrlaliiiu of the 
brain, marked wasting of the striated muscles, and a iiormni bone marrow. 

Dl.SCtJSSlON 

There arc many rcporls of tho use of sodium Inoizooio in l!to ti'eiilimml. of 
the rheumatic .state, and more rcccnlly for tho delormination of hoimtio ruin!l,ion 
in the hippuric acid excrolioii tosl. Hrymi' in lOlir) Hliilod "A review of tho 
literature indicated that normal hmnmi Imiin^s may eomplotoly ronvort at h'tisL 
25 grams of sodium benzoate to Idpiturie achl wiUioul (oxio ofl’cei and willi llic 
appearance of only traces of free benzoic acid in I ho iirino.’* Quiok“ folL (liuL 
sodium benzoate was a .safe drug in tnoderalo ainounls wlioii Jiu tiovised tliu hip* 
puric acid excretion tc.st in .Snell and Afagutli^ fool limt Ibo liippiiritj aoitl 

excretion test is a tc.st of tiio detoxifying fiinclioii of Dio liver anil i.s lia.sod on the 
conjugation by the liver of amino'aectio acid and benzoic acid inlo liippnrie. noid, 
but mention no liarmful effeet from ils use. JJaHohs* repealed Die lest tlireo timc.s 
on most of 148 cases witli tliyroid disea.se, wilhout untoward erfeel. Ifiiseli- 
heimer= did 246 tc.sts on pregnant women, some eompliealed and olliei’s nneoni' 
plicated, without ill effect. The Jourml of Iha Avuriain .Urdir.ul /l.v.voomD’oa'’ 
.stated, “There is no direct or indirect ovidenee lo indieate that ,sodinm benzoate 
ha.s any toxic effect on the liver. The drug wa.s formerly useif for Die Ireatinont 
of rheumatic di.sea.se and has been given lo human lieings in do.ses as large as 25 
to GO gram.s a day without producing any harmful effect. Qiiielc’s hippuric aeid 
te.st has been performed on many fiatienl.s with extreme iJegrces of injury to Die 
liver witliout any appreciable toxic effects or witliout depniMsing other liepatic 
functioas; sliglit gastric irritation ha.s been noted in a few cases, but these 
.symptom.s aie of a temporary nature.” Quaslel and WahV found that tliere 
was low excretion of hippuric aeid after both oral and ini ravenous adminhslra- 
tion of sodium benzoate in .scliizophrcnia, but luenlioncd no ill effects. DavicM, 
Waits, and Ifughts^ were of tho .same opinion and mentioned seventy-five cipici 



192 


THE JOURNAL OF LABORATORY AND CLINICAL AIEDICINE 


without complications. Londe and Probstein” performed a modified hippuric 
acid test in many children without ill effect. Finkelman, Hora, Sherman, and 
Horwitt,^® Campbell, Vaeearro,^" Snell and Plunkett,'® Lipshutz," Quick,'’' 
Haines, Magath, and Power,'® and many others reported using this test in numer- 
ous cases, and none mentioned systemic reactions. 

The absence of neutrophiles in the peripheral blood in this case, known by 
various names such as granulopenia, granulocytopenia, agranulocytosis, agranu- 
locytic angina, leucopenia, or neutropenia, and which was described originally 
by Schultz" in Germany in 1922, and then by Lovett'® in America in 1924, has 
not been described following ingestion of sodium benzoate. During the past 
twenty-one years, there have been numerous case reports and discussions, 
which have shown that with the increase in use of amidopyrine, arsphenamine, 
sulfonamides, and other substances depressing to the bone marrow, the incidence 
of granulocytopenia has increased. While a great many of these cases occur 
spontaneously, it is interesting to note that in most case histories there has been 
a preceding treatment of some type, by either a dentist or a physician. In 
Kracke’s'® series of 473 patients, nearly % had been receiving treatment for some 
other disease for a variable period prior to the attack of granulocytopenia. 

Granulocytopenia in the various races has been discussed, and it has been 
found to be rare in the colored race, occurring eight times in the 473 cases col- 
lected by Kracke.'® A review of the literature further reveals that it occurs in 
a ratio of about two female patients to one male. 

The cause of granulocytopenia has been discussed at great length. The first 
investigators directed their efforts on the hypothesis that the cause was some 
of infection, because various organisms were usually cultured from the lesions 
in the throat and blood stream. Also, Pried and Dameshek®® were able to pro- 
duce a type of primary granulocytopenia in rabbits by the injection of Salmo- 
tiella sxdpestifer. Kraeke'® doubts that Pried and Dameshek reproduced a true 
granulopenic picture, but produced the picture which is commonly seen follow- 
ing injections of any killed organism. The more recent work is directed towaid 
the fact that granulocytopenia is a disease of the bone marrow, and that the basic 
pictui’e is the disappearance of the neutrophiles from the peripheral blood, wbicb, 
in turn, is followed by the invasion of any and every organ that is accessible b) 
organisms. According to Jaclvson (Cecil’s Text),®' the eosinophiles disappear 
early and reappear late. The total number of lymphocytes usually is reduced. 
Pus does not form during this stage. Reznikoff®® feels that the following four 
factors are important in causing this disease: fatigue, drags, menstruation, an 
infection. In the thirteen cases studied by him, he found that fatigue due to 
excessive work, lack of sleep, and worry was more frequently encountered than 
any of the other etiologie conditions, and it was also his opinion that monocytosis 


is an evddence of good prognosis when it occurs early and is persistent. 

While the majority of cases are due to toxic action of a drug on the bone 
marrow, a smaller group is due to the toxic effect of an infection on the bone 
marrow, as for instance, tjqihoid fever, influenza, and measles, which are asso 
ciated with a leucopenia. There are probably three causes: (1) a primary foi® 
■with fever, ulcerative mouth lesions, and agranulocytosis, (2) malignant granu 
locytopenia of bacterial origin, and (3) malignant granulocytopenia of toxic 
origin. Ralph U. Leser,®® in discussing agranulocytic angina due to the sun 
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amide drugs, suggests treatment by parenteral liver therapy and by mouth, if 
possible; repeated daily transfusions of 200 to 300 e.c.; pentnucleotides; a high 
caloric diet; good nursing; adequate cardiac and respiratory stimulation; with- 
drawal of all analgesic drugs containing the benzene ring, and also all the so- 
called barbiturates. He feels that adenine sulfate is quite valuable and that 
local treatment of the oral lesions is important. Ottenberg^* used transfusions 
from donors who had received typhoid vaccine to stimulate leucocytosis in treat- 
ing leucopenia. He reports only one case and believes that tlie cure was unques- 
tionably due to tlie treatment. He feels that this is the result not of the actual 
number of leucocytes transfused, but to the passive transmission of the bone 
maiTow-stimulatiiig factor. Dameshek and 'Wolfsoii^^ treated two cases of severe 
agranulocytosis with sulfathiazole in addition to transfusions, pentose nucleo- 
tides, and liver extract, feeling that the recoveiy, at least in part, was due to the 
effect of the sulfonamide di*ug on the sepsis, whieli was almost certainly present. 

Table II 

Total Number of White Cells op Each Class, and Treatment 



W.B.C. 

KEUTRO- 

PHILES 

EOSINO- 

PiriLES 

B.VSO- 

PHILES 

LYMPHS. 

monos. 

TREATMENT 

TRANSFUSIONS 

LIVER IN UNITS 

1 


3,510 

170 

0 

mmm 




2 

4,450 

1,780 

356 

312 

2,002 

0 



3 

1,600 

0 

64 

16 

976 

544 

250 C.C. 

100 ualts intramus. 

i 

2,400 

0 

120 

48 

1,392 

840 

250 C.C. A.M. Si 









250C.C.P.M. 

200 units intramus. 


2,650 

0 

106 

26 

1,590 

923 

250 c.c. 

100 units intramus. 

6 

3,200 

64 

288 

0 

1,248 

1,600 

250 c.c. 

100 units intramus. 


4,700 

188 

233 

94 

3,478 

705 

250 c.c. 

200 units intramus. 

8 

5,000 

0 

300 

0 

2,550 

2,150 

250 c.c. 

200 units intramus. 

g 

5)000 

2,250 

350 

100 

1,600 

700 

250 c.c. A.M. & 









250 c.c. P..M. 

400 units intramus. 

10 

7,050 

3,666 

564 

141 

1,022 

1,057 

250 c.c. 

200 units intramus. 

11 

7)350 

2,866 

515 

294 

3,014 

661 

250 c.c. 

200 units intramus. 

12 

7,500 

3,675 

1,273 

150 

2,100 

300 

250 c.c. 

200 units intiamus. 

13 

8)300 

3,652 

747 

S3 

2,739 

1,079 

250 e.c. 

200 units intramus. 

14 

8)150 

3,341 

489 

0 

3,260 

1,060 

500 c.e. 

400 units intramus. 

15 

6)500 

3,185 

390 


2,015 

845 

250 c.c. 

200 units intramus. 



2,952 

307 

62 

2,091 

738 

250 c.c. 

100 units intramus. 

17 

8)350 

5,146 

83 

166 

2,905 

0 


100 units intramus. 



5,b5U 

666 

222 

3,219 

1,443 


100 units intramus. 



10,290 

295 

147 

3,528 

441 


100 units intramus. 

20 

10,200 

0,120 

510 

204 

2,856 

510 

500 c.c. 

100 units intramus. 

21 

20)350 

18,315 

0 

203 

1,832 

0 

500 c.c. 


22 

30,000 

34,770 

0 

0 

1,830 

Q 

500 C.C. 


23 

18,950 

18,005 

0 

0 

945 

0 

500 c.c. 


24 

14,100 






500 c.e. 


25 

10,050 

7,200 

1,100 

200 

900 

600 



26 

9,950 

6)732 

495 

198 


693 



27 

13,350 

8,512 

1,004 

266 

3,109 

399 




Apparently the bone marrow varies in its appearance during the various 
stages of the disease, and there arc at least two types of bone marrow seen in 
the early stages, one in which there is myeloid hypoplasia, and another in 
which there is arrest in maturation of the myeloid elements. From the litera- 
ture one would assume that where myeloid hypoplasia exists, the prognosis is 
poor whereas in those in which there is arrest of maturation of the myeloid 
elements, the outlook is better. Boyd"“ states “The bone-marrow varies in the 
fatal cases. As a rule it is aplastic and appears to be completely e.xhausted, as 
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is seen in exiieriniental benzol poisoning. In others it is normal, and in still 
others it may be hyperplastic. In these latter cases there 'would appear to be 
a blockade of the marrow or a lack of maturation of the myelocytes, thus pre- 
venting the mature leucocytes from entering the circulation, a state of affairs 
comparable with what is found in pernicious anemia.” 

Kracke and Parker-^ in 1938 thoroughly reviewed the literature of drug 
therapy in relation to the neutropenic states, and cited eleven eases of granulo- 
cytopenia, nine with fatal termination resulting from the use of sulfanilamide. 
In all instances a large amount of the drug was administered over a relatively 
long period before the condition made its appearance. Rinkoff and Spring*^ 
in 1941 reported six cases illustrating the toxic effect of sulfonamides on the 
myeloid elements, three due to sulfanilamide, two to sulfapyridine, and one, a 
combination of sulfapyridine and neoprontosil. Three of their patients de- 
veloped granulocytopenia within the first twenty-four hours or less of therapy, 
and three, after fourteen days or more of therapy. Three of these cases de- 
veloping Avithin t'vventy-four hours would mitigate against Kracke ’s experience 
that prolonged therapy with sulfanilamide Avas neee,ssary to induce granulo- 
cytopenia. 

The reactioirs occurring in our patient Avere probably of the so-called 
“anaphylactoid type.” This term .is used here to indicate a reaction closely 
resembling anaphylactic shock, but occurring after a chemical. The predomi- 
nating symptoms of severe chest pain, extreme dyspnea, and orthopnea, early 
increase in blood pressure Avith later fall, rapid thready pulse, and shock, indi- 
cate the more common cardiac rather than pulmonary type of reaction. There 
apparently Avas no desensitization after the first reaction, as the second Avas as 
severe as the first. The increase in icteric index could be interpreted as the 
result of the anaphylactoid reaction, or as the direct re.sult of chemical poisoning. 

SUilAIAKY 

This case presented various interesting problems. The patient apparently 
had a reaction folloAving his first dose of sodium benzoate Avith some increase 
in his icteric index, probably due to further damage of the liver, and a second 
dose forty-eight hours later again caused a seAmre reaction and pirobably fur- 
ther increased the liver damage. The combination of the tAVO doses produced 
an arrest of the maturation of the neutroiAhilic granulocydes in the bone niar- 
roAv, but alloAved the basophiles and eosinophiles to maturate. Another patient 
AAdth acute hepatitis and an eAmn higher icteric index had no reaction from 
either the first or second test, performed at the same time as the case being 
reported here. 

Lwer damage, or increase in damage to an already diseased liver, follow- 
ing sodium benzoate, must be extremely rare, as Ave haAm been unable to tm 
any report of cases in the literature. The increase in jaundice and the increase 
in general debility of the patient could be interpreted as indicating furtboi 
damage to the liver either as a direct result of the chemical or as a result o 
the reaction. 

As to the bone marrow and peripheral blood, the situation Avas a so 
peculiar in that it is customary for the eosinophiles and basophiles to disappem 
from the., peripheral blood, and their maturation to be arrested along Avith i 
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Other granulocytes, but in this case they appeared in normal to increased num- 
bers in the peripheral l)lood, and apparently matured normally in the bone 
marrow. It is impossible to say what part, if any, the severely damaged liver 
played in the granulocytopenia, except that there was response to very large 
doses of liver. A point against the liver having any particular part is the fact 
that later there was a white count of 36,600, secondary to a severe septicemia, 
showing that the bone marrow could respond even though a badlj’^ damaged 
liver condition was still present. Further proof that the liver probably played 
little part was the fact that the bone marrow was normal at autopsy even 
though very few normal liver cells remained. 


CONCLU.SION 

1. A colored male witli marked 3 *ellow atrophy of the liver had a severe 
reaction on two occasions, approximately four hours after ingesting sodium ben- 
zoate, manifested by excruciating suhstcrnal pain, elev’ation of blood pressure, 
dyspnea, and orthopnea, followed by shock. 

2. Three days after ingesting the second dose of sodium benzoate, the pa- 
tient developed signs of systemic infection and tlie wliite blood count showed an 
absence of the neutrophilic granulocytes, but a normal to increased number of 
eosinophiles and basophilcs. 

3. The bone marrow showed arrc.st of maturation of tlic neutrophilic myeloid 
elements, but normal maturation of the cosinopliiles and basophiles. 

4. There was later a maikcd leucocytic response to a generalized .septicemia, 
showing eomplcte recovery of the bone marrow. 

5. The icteric index increased from 220 to 275 after the first reaction, and 
to 285 after the second reaction. The cause of tlie increase in icteric index after 
the reaetion.s remains undetermined. 
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QENERAL 


THE EFFECT IN VITRO OF PROPYLENE GLYCOL ON 
ERYTHROCYTES* 


Theho.v 6. Randoli’h, JI.D , and 0. T. JIaldery, Jr., M.D., Ann Arbor, Mich. 


T he fading from the microscopic field of eivtlirocytes suspended in equal 
parts propylene glycol and n-ater led to the use of this diluent for the 
enumeration of white blood colls.'’ - The red cells remained clearly visible for 
about tlu’ce minutes m the white cell counting chamber after whole blood bad 
been diluted with prop.vlenc glycol and distilled water. In five minutes the 
red cells had almost comiiletely disappeared, remaining as vague “ghost” 
forms at room temperature (20° C.) for as long as ten days. 

Equally striking macroscopic changes were observed in the test tube when 
blood was mixed with equal parts propylene glycol and water. In three to five 
minutes after mixing, the initially turbid solution became clear, suggesting 
complete hemolysis. Earlier investigators have reported the hemolytic action 
of glycols, but this explanation of the disappearance of erythrocytes is refuted 
in the present report liy darlc-field inieroscopic c.vaininations which showed the 
red cells still present in normal numbei-s in the apparently heiuolyzed prepara- 
tion. In higher concentrations of pi’opylene glycol or in the presence of tem- 
peratures over 20° C., the faded red blood cells spontaneously reappeai’cd. 
These observations led to the present study of the mode of action of propylene 
glycol, as hemoly’sis could no longer be considered the mechanism responsible 
for the initial fading of the red cells. 

BachenF in 1911 observed hemoglobinuria in animals following the intra- 
venous injection of ethylene glycol, while the initial observation regarding the 
action in vitro of glycols on blood was made by Von Oettingen and Jiroueh in 
1931.' The hemolytic action of propylene glycol in vitro was studied by 
Lehman and Newman' in 1937 bj’ a procedure similar to testing for red blood 
cell fragility. One part of rabbit blood was added to ten parts of mixed prop- 
ylene glycol and water in which the glycol content did not exceed fifty per cent. 
Propylene glycol produced immediate hemolysis in aU aqueous concentrations. 

In commenting on these observations, IVeatherby and Haag" concluded 
that aqueous solutions of propylene glycol produced rapid and complete hemol- 
ysis in a manner similar to that of distilled water. They assumed that the 

•From the Department of Internal Medicine, University of lUchigan Medical School. 
This study was financed In part by Parke. Da\is and Company. 
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glycol entered the red blood cell membrane so rapidly that it exerted no ap- 
preciable osmotic effect on the cell. This explanation had been offered by 
Johnson, Carlson, and Johnson’' for the apparently similar type of hemolytic 
phenomenon occurring with aqueous solutions of glycerol or urea. 

Behavior of Erythrocytes in Mixtures of Propylene Glycol and Distilled 
Water. — Procedure. — Propylene glycol and distilled Avater were mixed in vari- 
ous proportions in a series of test tubes maintained at 0°, 20°, 37°, and 50° 0. 
The first tube of each series contained only distilled water, the second, 10 per 
cent glycol, and the succeeding tubes contained increasing amounts of prop- 
ylene in 10 per cent increments. One part of human venous blood Avas added 
to tAA'enty parts of each solution; the tubes AA'ere inA'erted to mix, corked, and 
obsei’A'ed at intervals for a period of four days. 


Table I 

Time of Fading op Erythrocytes Prom Microscopic Field in Aqueous Concentk.vtions of 
Propylene Glycol ; Coincident AVith Change of Solution From Turbid to Clear 


PER CENT 
PROPYLENE 
GLYCOL 

IN WATER 

1 


TEMPERATURE 


1 

0° c. 

20° C. 

37' C. 

50° c. 

100 

90 

i min. . 

14 min. 

1 min. 

immediate 

4 min. 

J min. 

80 

4 min. 

2 min. 

i min. 

4 min. 

70 

20 min. 

24 min. 

1 min. 

1 min. 

60 

22 min. 

3 min. 

1 min. 

1 min. 

50 

25 min. 

3 min. 

14 min. 

14 min. 

40 

25 min. 

8 min. 

14 min. 

14 min. 

30 

25 min. 

150 min. 

14 min. 

14 min. 

20 

22 min. 

8 min. 

14 min. 

14 min. 

10 

5 min. 

2 min. 

1 min. 

1 min. 

0 

2 min. 

mill. 

1 min. 

1 min. 


Macroscopic Observations.- — Three stages in the gross appearance of the 
blood-propylene glycol-aqueous mixtures Avere observed. The solutions Avere 
first turbid. This stage Avas followed by a gradual clearing until the solutions 
became transparent, suggesting complete hemolysis. The time required for the 
transition from tux'bidity to translucency (Table I) depended upon the tem- 
perature and glycol concentrations; it occurred more rapidly at higher tem- 
peratures and at both extremes of propylene glycol concentration. The long- 
est interval Avas noted Avith 30 per cent glycol at 20° C. The third and final 
stage Avas characterized by the redevelopment of a turbid solution due to the 
formation of a reddish-broAvn floceulent precipitate. Von Oettingen and Jirouch 
reported the formation of a similar precipitate Avith glycols although they di 
not use propylene glycol. As shoAvn in Table II, the final precipitate develope 
only Avith higher temperatures and Avith higher concentrations of glycol; the 
time required for beginning precipitation Amried Avith the temperature an 
glycol content. Except Avith one hundred per cent glycol, the formation o 
the precipitate Avas a gradual process. In the course of the reaction prop'es- 
sively larger amounts of precipitate Avere obtained as measured by centrifuga- 
tion until an end point Avas reached, after which the amount of precipitate de- 
creased and the supernatant fluid became clear. In later studies similai’ results 
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were obtained by incasuring the amounts of precipitate by means of a photo- 
electric colorimeter. 

A similar precipitate developed when erythrocytes, thrice washed and 
resuspended in saline, wore added to 60 per cent and higher concentrations of 
propylene glycol in water. Cell-free plasma also precipitated when added to 
the same concentration of propylene glycol. From these observations, it ap- 
peared that tlie reaction giving rise to lloeeiilation and precipitation might be 
one affecting all blood proteins and might not he limited to tiie erythrocytes. 

Microscopic Observations . — The mi.vturc of blood hi SO per cent propylene 
glycol in water was selected for detailed microscopic observation, because at 
this coiieentratioii it was po.ssible to ohseire the three phases of the reaction 
witliin a relatively short time. As viewed under oil immersion, the erythro- 
cytes faded in two minutes although many faintly- visible and nonrefraetile 
red cell forms remained ; tlieso were brought out more clearly by reducing the 
light or by malting minor adjustmeuls in the condenser. After about tliirty 
minutes, the cells gradually became more distinct; with average illumina- 
tion one obtained the impression that the red cells had “reappeared.” With 
further time, many erythrocytes developed liairlike projections at right angles 
to the cell wall; each was associated with tlie development of an increasing 
amount of granular, extracellular debris. Spontaneous agglutination of these 
abnormal cells then occurred, giving rise to the macroscopic appearance of 
turbidity and docculatiou. The individual cells of these agglutinated masses 
finally disintegrated, leaving only debris, this stage corresponding to the end 
point of maoroseopic precijiitation. 

Similar inieroseopie changes in tlie ciytliroeytes occurred in otlier mixtures 
containing over sixty per cent propylene glycol, except that the rate of the 
reaction varied in proportion to tlie giy'col content. In a concentration of 60 
per cent gly-col at 20'’ C., a few red cells remained refractile and clearly 
visible at the end of seven days; the number of such cells was apparently not 
sufficient to result in the gross appearauee of turbidity-. Agglutination and 
flocculation were not ohseiwed in this tube and did not occur in other tubes con- 
taining less amounts of propylene glycol. A microscopic study of the “ghost” 
forms in lower concentrations was not undertaken because of their relatively 
poor visibility as viewed in the conventional microscope. 

AVitli 30 per cent glycol and 70 per cent water at 20“ C., the red cells, al- 
thougli enlai'ged, remained clearly visible for appro.ximately two and one-half 
hours before fading. 

Dark-Field Observations . — Blood was added to various concentrations of 
propylene glycol and examined immediately under the dark-field microscope. 
In an aqueous solution of 70 per cent propylene glycol at 20“ C., the red cells 
became uniformly- shninken and rapidly crenated. Agglutination soon fol- 
lowed, and by the end of thirty minutes all erythrocytes had disintegrated. 
Hed cells in 80 per cent propylene glycol appeared normal in size and contour 
two minutes after mixing. The cells gradually became shrunken and crenated ; 
with the passage of time, many became agglutinated and some possessed spicules 
extending at right angles from the cell wall. Although distorted in foi-m, the 
eiythrocytes remained clearly visible for as long as ten days. With decreasing 
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concentrations of propylene glycol, a progressive swelling of erythrocytes was 
noted, eventually leading to the disruption of the cells. 

Behavior of Erythrocytes in Mixtures of Propylene Glycol and Physiologic 
Baline. — Lehman and Newman® in 1937 produced hemoglobinuria in animals 
by the intravenous infection of a 33.3 per cent solution of propylene glycol in 
saline. They concluded that the hemoglobinuria resulted from the hemolysis of 
erythrocytes and was due to the asmotie action of glycol on the cells at the site 
of the injection. The authors further mixed one part rabbit blood with ten 
parts propylene glycol in saline solutions and ohseiwed no hemolysis in con- 
centrations of 40 per cent propylene glycol and below at the end of three 
hours; in 40 per cent glycol, pai’tial hemolysis was present at twenty-four 
hours. Immediate hemolysis was produced under the same conditions and 
concentrations by propylene glycol and water. 

Similar findings were reported by AVeatherhy and Haag® rvith human 
blood in various concentrations of propjdene glycol and physiologic saline. 
They felt that the absence of hemolysis in saline solutions of propylene glycol 
in this range was to he expected as a 30 per cent concentration was essentially 
an isotonic medium. 

Table II 


Time op “Reappearance” op Erythrocytes in Microscopic Field in Aqueous Concentra- 
tions OP Propylene Glycol; Coincident With Change op Solution From 
Clear to Turbid and Appe^uiance op Gross Precipitate 



TEMPERATURE 






PROPYLENE 





GLYCOL 

0° c. 

20° C. 

37° C. 

50° c. 

IN WATER 





100 

1 min. 


immediate 


90 

1,200 min. 

4 min. 

3 min. 

1 min. 

80 


40 min. 

5 min. 

2 min. 

70 


600 min. 

20 min. 

3i min. 

60 



150 min. 

44 min. 

50 



2,400 min. 

5 min. 

40 




10 min. 

30 




25 min. 

20 




80 min. 

10 




180 min. 

0 







Present obseiwations on whole human blood in saline concentrations of 
propylene glycol confirm the reports of previous authors. Tiventy-fo^r hours 
were required for the apparent hemolysis of solutions containing 40 per cent 
glycol and forty hours for 30 per cent solutions. The red cells remained intact 
and the solutions remained turbid for as long as seven days in concentrations 
of propylene glycol below 30 per cent. In amounts of 60 per cent glycol aiRl 
above, the clear solutions later became turbid and developed a reddish brown 
precipitate. This phenomenon occurred more rapidly in higher concentrations 
of propylene glycol and in all respects appeared similar to the reaction occui- 
ring with aqueous solutions. At a time when the gross appearance of the solution 
suggested complete hemolysis, microscopic examination revealed the fade 
“ghost” forms previously described, but the red cells remained clearly visible 
and in normal numbers when observed under dark-field illumination. 



RANDOLPH AND MALLERY ; PKOPYLENB GLYCOL AND ERYTHROCYTES 201 


The ActioJi of Other Glycoh on Erythrocytes in Vitro.— The action of 
ethylene glycol and its derivatives on blood was studied by Von Octtingen and 
Jirouch.* They added 1 e.c. of various glycols to 5 e.c. fresh dog blood or 
beef serum; ethylene and diethylene glycol failed to precipitate whereas ethyl 
etliylene glycol acetate, one to four dioxau and butyl ethylene glycol caused 
marked precipitation. 

In the present study aqueous solutioms of ethylene and triethylene glycol 
with human blood were observed in the proportions previously described. 
Except with 30 per cent concentrations where the time required for the solu- 
tions to clear was prolonged, all other concentrations of both glycols resulted in 
the gross appearance of hemolysis within fifteen minutes. The speed of the 
clearing of the reaction was more prolonged at room temperature than was the 
case with propylene glycol. In higher concentrations, both ethylene and tri- 
ethylene glycol produced a similar type of reddish-browm precipitate. 

Discussion . — Erythrocytes are visible in the conventional bright field micro- 
scope because of their ability to refract light. This in turn is dependent upon 
a difference in the relative densities of the cells and the surrounding medium. 
'When erythrocytes arc suspended in solutions of over 30 per cent propylene 
glycol in water, the density of the red cell apparently approaches that of the 
solution. Light rays may then pass from one to the other without significant 
bonding, with the result that the erythrocytes become relatively invisible in the 
conventional mieroscope, although clearly outlined in the dark field, and the 
gross appearance of the suspension changes from one of turbidity to clearness. 

The “fading” of erytliroeytes in the presence of less than 30 per cent 
propylene glycol in water appears to be primarily the result of hemolysis, as 
evidenced by progressive swelling of the cells prior to their disappearance. 
The rate of “fading” is, furthermore, roughly proportional to the hypo- 
tonicity of the mixture, and relatively few intact ccUs are seen when the clear 
solutions are viewed in the dark-field microscope. 

Thirty per cent propylene glycol and 70 per cent water apparently repre- 
sent a critical glycol concentration, above which the red cells are affected pri- 
marily by glycol and secondarily by water, and below which primarily by water 
and secondarily by the glycol content. The marked delay in the “fading” of 
erythrocytes in tliis concentration at 20° C. is very likely due to the relatively 
ineffective glycol action at this temperature and dilution and the mild hypo- 
tonicity of the solution. 

The spontaneous reappearance of red ceils at higher temperatures and 
glycol concentrations is presumably the result of an increase in the intracellular 
versus the extracellular density and is most probably associated with the coag- 
ulation or precipitation or other alteration of cellular proteins, a process 
which finally leads to cell destruction and the formation of a dark granular 
precipitate. Alteration of cell-free plasma also occurs in the presence of higher 
concentrations of propylene glycol, residting in precipitate formation; this 
suggests that the physioehemical reaction produced by propylene glycol is not 
one specifically affecting erythrocytes. 

In concentrations above 30 per cent props'lene glycol, erj'throcytes beliave 
similarly whether suspended in glycol-aqueous or glycol-saline solutions. Al- 
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though the “fading,” “reappearance,” and final disintegi-ation of cells de- 
velop at different rates with alterations of the temperature and glycol concen- 
tration, at a given temperatnre and content of glycol the effects occur mneii 
more slowly in the presence of saline. The retardation becomes more marked 
as the glycol percentage is decreased and that of saline increased ; for instance, 
at 40 per cent and 30 per cent glycol in saline, twenty-four and forty hours 
are required for the “fading” of eiythrocytes from the bright field. 

There is a fundamental difference in the behavior of red cells in concen- 
trations below 30 per cent propylene glycol according to whether the solutions 
contain saline or water. In the saline, the red cells remain intact and clearly 
visible for many days. The presence of more than 70 per cent physiologic 
saline appears to protect the red cells from the action of glycol. In the water, 
the erythrocytes “fade” roughly in proportion to the hypotonicity of the 
solution. 

Ethylene and triethyleue glycol exert essentially similar effects on eiythro- 
cydes as produced by propylene glycol. 

Suinmary. — 1. Observations are reported on erythrocytes suspended in 
aqueous and saline concentrations of propylene and other glycols. 

2. The eiythroejdes were found at first to disappear from the microscopic 
bright field but not from the dai'k field, coincident ndth the apparent gross 
“hemolysis” of the blood-glycol solution. 

3. Evidence is offered refuting tlie suggestion that hemolysis was the 
cause of the initial fading and disappearance of erythrocytes. 

4. In time, depending on temperatui’e and glycol concentration, the 
erythrocytes reappeared in the microscopic bright field. 

5. The nature of the reaction befrveen glycols and erjdhroeytes is con- 
sidered. 
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TUB EFFECT IX VITRO OF PROPYLENE GLYCOL ON LEUCOCYTES' 


0. T. JIallekv, Ju., JI I) , and Thebox G. Kandoli'ii, JI.D., Ann Arbok, Mich. 


T he observation that leucocytes remain intact and clearly visible when sus- 
pended in equal parts of propylene glycol and distilled water led one of us 
(T. G. R.) to use this solution as a white blood cell diluting fluid.’' “ In com- 
parison with the standard 2 per cent acetic acid diluting fluid, the glj’col diluent 
possesses several advantages inherent in its greater visco.sity, facilitating filling 
the counting chamber and decreasing the subsequent rate of evaporation. The 
incorporation of acid and basic stains, readily soluble in propylene glycol, 
further permits the differential staining of eosinophils, polymorphonuclear and 
mononuclear cells in the counting chamber. It is therefore possible to obtain 
a differential white cell count in the counting chamber on the same sample 
of blood used to enumerate the total leucocytes. Jlonouuolear cells include 
both lymphocytes, monocytes, and nonsegmented members of the polymorphonu- 
clear series. Basophils are not differentiated from other polymorphonuelear 
cells. Eosinophils arc stained characteristically, thus enabling their direct 
enumeration free from the crroi's of distribution inherent in the procedure of 
preparing and counting the Wright-stained film. The performance of a count- 
ing chamber differential in conjunction with the differential white count from 
the stained film gave additional evidence as to the identity of “smudges” 
encountered occasionally in films. The blood of twenty normal subjects was 
studied in the preliminary report, and this diluent yielded accurate total 
leucocyte counts when compared with parallel determinations with 2 per cent 
acetic acid diluting fluid. Counting chamber differential counts were also in 
good agreement with differential counts performed from the Wright-stained 
film. 

The further use of stains dissolved in 50 per cent aqueous propylene glycol 
has confirmed the conclusions drawn in the preliminaiy study. It has been 
observed that blood diluted with this fluid may bo allowed to stand in the 
pipette overnight without significant change in the total white count or impair- 
ment in the staining qualities of the leucocytes. 

I. Observations on Normal White Blood Cells . — In a further study of 
leucocytes, one pai-t of whole human venous blood was added to twenty parts 
of propylene glycol in distilled water. The mixtures were placed in a series 
of ten tubes, the glycol content of which varied by increments of 10 per cent; 
the first tube contained 10 per cent glycol and 00 per cent water, the final 
tube, 100 per cent propylene glycol. Each tube was corked, maintained at 
20° C., and, prior to withdrawing samples for counting chamber study, was 
shaken gently. Observations were made on fresh samples at intervals of thirty 
minutes for the first three hours and every twelve hours thereafter for si.xty 
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hours. White cells were nonmotile in all samples. Eosinophils were not 
identified in the absence of stains, although mononuclears could be differentiated 
from polymorphonuclear leucocytes. 

In a concentration of 60 per cent propylene glycol in distilled water the 
white cells remained for as long as sixty hours without apparent change. This 
concentration of glycol was found to represent a critical point, for with lesser 
amounts of glycol, the white blood cells became progressively enlarged, irregular, 
and less clearly outlined ; the rate and degree of these changes varied inversely 
with the content of propylene glycol. At 50 per cent, 40 per cent, and 30 per 
cent propylene glycol, the mononuclear cells were the first to become enlarged 
and irregular, followed by similar changes in the polymorphonuclear leucocytes; 
the changes in both types of cells occurred more rapidly with progressive dilu- 
tions. Cells in 50 per cent solutions showed slight changes, but remained clearly 
visible and at a constant numerical level for as long as sixty hours. In 40 
per cent solutions, the leucocytes showed more marked abnormalities in their 
size, shape, and retractility; at the end of two hours, distortion and fading 
interfered with their enumeration. In 30 per cent and lower concentrations of 
propylene glj'col, the above changes occurred immediately and were followed 
by a tendency of the leucocytes to agglutinate. The initial white cell count at 
this concentration was below normal and with serial determinations continued 
to fall. 

At concentrations above 60 per cent propylene glycol, the leucocytes be- 
came smaller in size. In a 70 per cent solution, the white cells remained clearly 
visible for two hours; after this time the gradual “reappearance” of erythro- 
cytes interfered with the enumeration of leucocytes. At concentrations above 
70 per cent, this “reappearance phenomenon” occurred too rapidly to allow 
the initial enumeration of white cells, although the latter remained visible in 
concentrations of 90 per cent and 100 per cent propjdene glycol. The phe- 
nomenon of “reappearance” of erythrocytes in higher glycol concentrations 
has been described.^ 

In an attempt to determine the range of propylene glycol concentrations 
in which the size and shape of white cells remained unaltered, blood was added 
similarly to mixtures of 58 per cent and 62 per cent glycol in water. In the lower 
concentration mononuclear cells became slightly enlarged at the end of thirty 
minutes and polymorphonuclear cells became distorted at the end of two hours. 
In 62 per cent glycol all white blood cells became uniformly small but remained 
refractile and clearly visible for sixty hours. 

Differential Staining . — ^As previously described, eosin and methylene blue 
each as a 0.1 per cent aqueous solution in 50 per cent propylene glycol produced 
a satisfactory stain for the leucocytes with a minimum of distortion. Blood 
placed in such a solution was studied under liigh magnification. Within a five- 
minute period the granules of the eosinophil stained a bright red. The capsule 
became progressively and uniformly enlarged until it finally appeared as an 
eccentric sw'elling. The intervening space between the capsule and the cyto- 
plasm remained clear except for an occasional granule observed on the capsulai 
rim. The eccentric arc-like enlargement of the capsule frequently reached a 
size twice that of the parent eosinophil; it \vas occasionally^ seen to ruptuie 
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although this did not occur wdUiiii the first thirty minutes. After rupture of 
the meiubraiie the cell remained intact, spherical in outline, and surrounded 
by a small concentric capsular ring. 

Polymorplionuclear neuti’ophils in 50 per cent propylene glycol showed 
similar but less frequent and extensive changes. Capsular swelling was usually 
concentric and only detectable under oil immersion. Eccentric swelling was 
seen rarely in normal blood nor was rupture of the capsule observed. As 
■with eosinophils, capsular swelling of neutrophils occurred more readily at 
lower concentrations of glycol and was not detected in 60 per cent propylene 
glycol in water. 

I^Iononuclear cells did not show a capsular swelling. However, a uniform 
enlargement of the cell was seen in 50 per cent but not in GO per cent propylene 
glycol. 

All leucocytes were more deeply stained in concentrations of propylene 
glycol below 50 per cent, but the distortion of the cells in these aqueous con- 
centrations did not favor tlieir use. The staining qualities were distinctly 
inferior at 55 per cent and GO per cent propylene ; at Ixigher strengths the cells 
failed to stain. 


Table 1 

Comparison or the Total Leucocyte Counts Using 2 Per Cent Acetic Acid and Propylene 
Glycol-Aqueous St^uns 


P.\TIE.Vr 

DI.VG.VOSIS 1 

} TOTAL WHITE CELL COUNT 

PROPYLENE 

GLYCOL-AQUEOUS 

STAIN 

2 PER CENT 
ACETIC ACID 

L. H. 

Lymphoblastic Lcuccmia 

103,000 

102,000 

E. M. 

Lymphoblastic Lcuccmia 

127,000 

123,000 

F. T. 

Lymphoblastic Lcuccmia 

300 

300 

P. H. 

Chronic Lymphatic Leucemia 

31,000 

27,000 

W. G. 

Lymphoblastoma 

35,800 

33,850 

u. s. 

Myelogenous Leucemia 

319,000 

292,000 

M. S. 

Myelogenous Leucemia 

282,500 

266,500 

W. M. 

Myelogenous Lcuccmia 

45,000 

40,500 

P.M. 

Myelogenous Leucemia 

130,000 

130,000 

B, B. 

Monoblastic Leucemia 

170,000 

195,000 

P. S. 

Monocytic Leucemia 

92,350 

87,500 

W. B. 

Histio-monocytic Leucemia 

32,500 

35,000 

E. P. 

Aloucemic Leucemia 

2,900 

3,500 


The propylene glycol diluent consisted of equal parts of the two stock solutions. Maximum 
staining qualities were observed when the diluent was prepared from the stock each day. 


Solution 1 

Methylene blue 0.1 Gm. 
Propylene glycol 100 c.c. 


Solution II 
Eosin B 0.1 Gm. 
Distilled water 100 c.c. 


II. Observations on Abnormal White Blood Cells . — It became of interest 
to study tlie blood of patients with leucemia and with conditions characterized 
by the presence of abnormal or immature leucocytes. Table I records parallel 
total white blood cell determinations made by the standard 2 per cent acetic 
acid diluent and with the propylene glycol aqueous stain. 

In the case of L. H. in the five days following irradiation therapy, the total 
leucocyte count increased from G.TOO to over 100,000 per cmm. ; and a differen- 
tial count made with the AVriglit-stained cover slip method revealed 92 per cent 
“smudges.” Despite the apparent fragility of the white cells, tlie total 
leucocytes determined with propylene glycol agreed closely with that obtained 



206 


She Journal op laboratory and clinical iiedicine 


with 2 per cent acetic acid. The differential count from the Wright-stamed 
cover slip revealed 3 per cent polymorphonuclear cells, 1 per cent eosinophils, 1 
per cent large lymphocytes, and 92 per cent “smudges.” A parallel counting 
chamber differential count identified the “smudge” forms as a mononuclear type 
cell with a differential showing 4 per cent polymorphonuclear cells, 1 per cent 
eosinophils, and 95 per cent mononuclear cells. 

Propylene glycol and water in equal parts appears to be a satisfactory 
diluent for counting abnormal white blood cells in leucemia. 

Discussion . — Enlargement of the capsules of eosinophils and polymorphonu- 
clear leucocytes and a uniform enlargement of mononuclear cells occur in the 
presence of equal parts propylene glycol and water. This does not invalidate 
the use of this diluent for determining the total white cell count with pathologic 
cells as encountered in leucemia. 

Satisfactory differential staining of leucocytes with eosin and methylene 
blue occurs only when the diluent consists of equal parts of propylene glycol 
and water. Optimum staining ivith minimum cell distortion occurs in 50 per 
cent propylene glycol in water, for with lower concentrations the cells become 
distorted in outline and visibility despite adequate staining. With GO per 
cent propylene glycol staining is unsatisfactory, although no change in the size 
of the cells occurs for long periods of time. 

Summary. — 1. A wliite blood cell diluting fluid consisting of eosin 0.1 per 
cent and methylene blue 0.1 per cent dissolved in equal parts propylene glycol 
and water has been found to give accurate leucocyte counts in normcal and 
abnormal blood. 

2. This diluent possesses certain technical advantages over the use of the 
standard acetic acid diluting fluid. 

3. The effect of various aqueous concentrations of propylene glycol on 
leucocytes in vitro has been described. 

"We wish to acknowledse the technical assistance of Elizabeth Barber Gibson and the 
valuable suggestions of Don E. Francke. 
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A STUDY OP THE P^U’PENlIEni STAIN— A STABLE MODIPICATION' 


Geohge a. Hunt, JI.S., Pii.D., St. Louis, Mo. 


P APPENHEIJI'S compound stain could lie a useful aid to the bacteriologist 
for the examination of bacteria in pus if it were more stable. The differ- 
ential qualities and the higher percentage of positive hudiiigs make fiirthei' 
attempts at increasing its stability worth while. 

Papponheim' prepared his stain from solid or concentrated aqueous solu- 
tions of methyl green and pyrouine in a study of Ijmphocytes and plasma cells. 
Unna' prefei’red a stock reagent of the two dyes in alcohol-glycerin solution 
with 0.5 per cent phenol added. Krzysztalowicz^ employed 2 per cent phenol 
in the Unna reagent to decrease staining reaetion time of gonococci in smears 
of exudates. Saathoff“ used higher concentrations of pyronine and alcohol as 
well as 2 per cent phenol in his stain for gonococci in pus smears. Conn et ah' 
suggested the use of pyronin “B” in place of pyronin “G.” Pappenheinp and 
Soudder’ advocated the use of the Pappenheim reagent as a counterstain in 
the Gram reaction. Walton" suggested the use of methyl alcohol in place of 
ethyl alcohol. 

Our previous efforts to employ the Pappenheim stain or its modifications 
were disappointing due principally because of the instability of the methyl 
green and the variation of dyes on the market. Freshly prepared produets 
were satisfactory in our hands, but when reagents were given to others, indif- 
ferent results were obtained by them. Several experiences in our attempts to 
prepare a satisfactory Pappenheim stain may be of sufficient interest to record 
here. 


A 1 per cent solution of methyl green in distilled water and a 1 per cent 
solution of methyl green in 2 per cent aqueous plienol were prepared and tested 
using the filter paper spot test.t 

The methyl green in distilled water dissolved completely, and the spot 
formed on filter paper was green with a distinct blue or purple center. The 
methyl green in 2 per cent aqueous phenol, however, yielded a precipitate, and 
the supernatant fluid produced a green spot on filter paper without a trace of 
purple or violet. The precipitate foimcd in aqueous phenol was crystal violet. 


A similar precipitate may be i>rodueed by adding phenol to aqueous crystal 
violet solutions, the degree of precipitation being a function of the concentra- 
tion of phenol. 


•From the Snodarass Laboratory of Pathology and nacteriolosj’. City Hospital- 
Received for publication, July 24, 1913. 

tThe Alter paper spot test was employed by Pappcnhclmi as . . 

stain reagents. A drop of slam was placed on a Alter paper ... 

periphery of tho spot showed the relative amount of ereen in : . • 

showed the amount of red- Using this lest one tould estimate 
both methyl green and pyronine or tho concentration of crystal 
ereen stock solutions. One may determine roughly how much to . 

the other or with water. This test has been useful, but not all c. ■ „ 

equal diffusion through Alter paper can be used In Pappenheim compound stains with success. 
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Pappeiiheim reagents prepared as described by Saathoffi and by 'Walton 
(both modifications contained 2 per cent phenol) produced a precipitate of 
crystal Anolet ivhich formed a gummy residue on the glassware and filter. 
Hence, the phenol served to remove by precipitation the crystal violet which 
was contained as an impurity in the commercial methyl green dye.* 

Stain reagents prepared according to Walton’s formula, or prepared from 
stock aqueous solutions of purified methyl green and pyronine, gave suitable 
stains when freshly prepared. In our hands, however, the methyl green con- 
tinued to split off crystal violet. Walton® reasoned that methanol, substituted 
for ethanol, would suppress the dissociation of the loosely bound methyl group 
of methyl green and retard the formation of crystal violet. This might be the 
case if the methyl green were dissolved in aqueous methyl alcohol alone, but it 
would seem that inhibition of the crystal violet formation would be very slight 
in the Walton formula, since the phenol present w-ould precipitate the crystal 
violet and encourage the reaction (methyl green — > crystal violet ,1 + CH 3 OH) 
to go to completion. To employ a I’eageut which would not precipitate the crys- 
tal violet would impair the differential character of the stain, as crystal violet 
stained gonococci and leucocytes and debris wfith equal intensity. 

Pju’onine seemed to have an unusual affinity for the Neisserian organisms. 
It was stable under a ivide range of conditions and its use in the stain offered no 
great difficulty. The need was for a stable dye of contrasting color v/hich would 
stain the nucleus of a leucocyte intensely, the cytoplasm of the cell poorly, and 
the intracellular bacteria still less or not at all. In looking for dyes that might 
take the place of methyl green, we examined the blue and green basic dyes that 
are conmionly employed in bacteriologic laboratories. Two such dyes were bril- 
liant green and malachite green. Both dyes when used in combination with 
pyronine gave a filter paper spot test as good as tliat obtained w'ith a good, fresh 
methyl green reagent.! Although both of these basic green dyes w'ere described 
by Pappenlieim® as unsuitable for combination with pyronine in his differential 
stain, it has been our experience that either may be utilized satisfactorily for the 
production of a stable Pappenheun-type stain. It has seemed that malachite 
green produced a slightly better product, but either dye gave satisfactory coloi 
contrast. 

The followmg formula is suggested as a guide in the preparation of a stable 
modification of the Pappenheim reagent giving good differential stains: 


1 per cent aqueous malachite green (oxalate, certified “NiMg-3,” 

dye content 75 per cent 

0.5 per cent aqueous pyronine G (certified “NP-T, ” dye content high, 
but not specified on label) or pyronine 2G (Coleman and Bell)— 3 

Distilled 20 

Prepare stock solution of malachite green in distilled water 
two days before use and filter. Stain from thirty seconds to 
three minutes. Wash with Avater. 


c.c. 

c.c. 


•Conn- suggested that methyl green may be extracted with chloroform , or -jia lot 

to remove the crystal violet impuritj*. Chloroform extraction has markedly impro\eu 
of methyl green with which w’e worked. 

tWalton kindly supplied a sample of his reagent. 
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A good stain is produced by a delicate balance of the concentrations of the 
two dyes and of the time and teinperatm-e of their reaction on the tissues. The 
two dyes (the green and tlie red) must be balanced in respect to their affinity 
to the tissue and their color intensity. Thick smears stained deeper than thin 
smears, but difterentiation was usually better in the thick portions of the prepa- 
rations. The time of staining was i]n])ortaiit, for in overstained smears gono- 
cocci were dark, having taken some of the green color, and the contrast was 
poorer than in preparations stained for shorter periods. 

It is suggested, in view of the variations in dye content of products on the 
market and in view of the preference of individuals using the stains, that stock 
solutions of each of the two dyes be prepared and .several reagents be formulated 
in test tubes for trial, varying tlie ratio of the dyes until a product is obtained 
which gives a differentiation and contrast satisfactory to the user. The best 
reagent may then be i)reparod in laiger volume and stored for use. 

It should lie noted especially that buffer salts of pH 4.7 or more precipitated 
and decolorized dilute solutions of brilliant green and nialachite green, a change 
that did not take place at pH 4.5 or less. The tap water (pH 8.2) in our labora- 
tory cau.scd a precipitation and fading of these dyes. Some specimens of "dis- 
tilled** water likewise caused sliglit changes in color intensity, but tests indicated 
that these .samples were contaminated with alkaline substances carried over in 
the distillation. Dilute solutions of tiic dyes in distilled water of a good quality 
did not fade. It is possilile that Pappenheim may have encountered similar con- 
ditions ill his trial of these two dyes. 

Because of the effect of alkaline salts on brilliant green and malachite green, 
aqueous solutions have been used employing distilled water. It has not been 
found necessary to incorporate glycerol, phenol, ethanol, or methanol in this 
modified stain. Pyre.x glassware has been used for storage of the stock solutions 
to avoid the alkali of ordinaiy glass containers. 

Freshly prepared solutions of malachite green may stain more intensely than 
those two or more days old Aside from this initial change, stain reagents and 
stock solutions of the dyes have .shown no depreciation in staining qualities dur- 
ing two years of storage at laboratory temperature on a shelf exposed to day- 
light. New stain reagents prepared from old or new stock solutions of malachite 
green and pyronine G were indistinguishable from old stain reagents. 

Several serious limitations of the Pappenheim stain have been noted. Very 
thin smears were apt to be faintly colored even with a more extensive period of 
staining. Although these could still be examined microscopically and contrast 
was sufficient for observation of phagocytized organisms, they were more diffi- 
cult to observe. The use of heavier smears (for which the Pappenlieim stain is 
eminently suited) .should remedy this situation. 

A second limitation of the stain is less serious. The smeai's are best stained 
when treated individually. The separate handling of the slide preparations is 
offset by the simplicity and the rapidity of the staining procedure. 

We can confirm Walton’s statement that positive reports may result more 
frequently from the use of this stain in examination of gonorrheal exudates than 
from the exclusive use of tlie Oram stain. In some instances we have found 
typical organisms with relative ease in a Pappenheim-stained preparation, 
wliereas the Gram-stained slide showed numerous leucocytes or much debris with- 
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out distinguishable bacteria of any kind. This was particularly true in heavy 
prostatic smears or in specimens containing considerable blood. We do not feel 
able to differentiate between gram-positive and gram-negative diplococci using 
the Pappenbebn stain alone. We prefer to employ the reagent as a counterstain 
for the Gram reaction (as suggested by Pappenbebn^ and more recently by 
Scudder®), although this decreased the brilliance of the stain of the bacteria in 
the smear and it was necessary to shorten materially the staining time of the 
Pappenheim reagent. 

The stain is useful in the examination of pus aspirated from chancroidal 
buboes, since the occasional H. ducreyi is so much more readily seen than with 
the Gram stain. Cultures of the Ducrey bacillus in the clotted rabbit blood 
described by Teague and DeiberP® are likeivise more easily examined when 
stained by the Pappenheim stain. The young Ducrey organisms stain intensely 
with the pyronine against a green background. 

Many bacteriologists doubtless remember their first encounter with the Gram 
reaction and the dissatisfaction expressed by beginning students in bacteriology 
when first attempting to employ the stain. Experience and judgment are just as 
necessary in employing and interpreting results obtained with the Pappenheim 
stain. It is not believed that a stable Pappenheim-type stain will replace the 
Gram stain in routine microscopic examination of gonorrheal exudates, but a 
dependable product vvould undoubtedly be more generally employed to augment 
the staining procedures now used. 

Summary . — A stain of the Pappenheim bicolor type which is stable and 
which gives as good differentiation as the original freshly prepared methyl green 
pyronine reagent is described. 

The stain is of special value in the examination of bloody specimens, heavy 
smears of exudates, and blood clot cultures of chancroidal pus. It should he a 
valuable supplement to the Gram stain. 
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ON THE CARE OF HUSIAN SPERJI' 


Royal L. Brown, pH.D.,t St. Louis, Mo. 


T he early reports conceriuiig in vitro care of sperm were ubiquitous and 
inadequate. Since the study of sperm plij-siologj” and vitality has more 
recently been undertaken, their per sc preseiwation has become fundamental. 
Furthemorc, lack of ready availability of Imman sperm makes it more impera- 
tive that any test undertaken gives the desired results witliout repetition. 

If the desired test is for sundval time of spermatozoa or for artificial 
insemination, the donor should provide the ejaculate while at the office. The 
ejaculate should be collected directly into a chemically clean, sterile recep- 
tacle. A calibrated centrifuge tube sciwcs well. 

THE EFFECT OF RUCBER, OP BRASS, AND OP COPPER 

Human ejaculates for study purposes are still frequently and erroneously 
collected from condoms. Rubber, even on short time exposure, decreases mark- 
edly the duration of motility of speiinatozoa. Browm and Gamble re- 

port the results of several tests in whicli the ejaculate was divided, the one 
fraction used as a control and the other exposed to rubber, i.e., condoms and 
eye dropper bulbs. Some of the condoms liad been thoroughly washed in tap 
water to remove the powder; others were used as packed. The age of sper- 
matozoa exposed for only five minutes was reduced to 60 to 70 per cent of con- 
trol time ; with constant e.\posure, the spenuatozoa had only 25 per cent of the 
control life span. The time difference with exposure to the unwashed condom 
was negligible. Constant exposure to brass, which may be encountered in lids, 
caps, etc., placed on a vial containing the ejaculate, decreased the longevity to 
approximately 30 per cent of the conti*ol. Copper essentially duplicated this 
effect. 

THE EFFECT OF AIR AND TEilPERATURE 

Several investigators have reported that air affects spermatozoa variously. 
In a series of experiments Brown and Gamble (1943) determined that there 
was no appreciable difference between the duration of motility of tlie control 
and sperm whicli had air excluded by an overlay of mineral oil. The effect of 
temperature, on the other hand, is pronounced. The average duration of loco- 
motion in 14 experiments with an initial average spermicidal time of approxi- 
mately one hundred minutes with 2.8 per cent potassium acid phthalate 
solution was 20 to 25 hours at body temperature (37° C.), 70 to 75 horn’s at 

•From the "Washington Uni\erslty School of Aleaicine, Department of Obstetrics and 
Gynecology, and the St. Louis Maternity and Baines Hospitals, U. S. Public Health Service 
(1942-1943), and U. S. Army at present. 

This work was financed by a research scholarship stipend from Dr. Clarence J. Gamble 
of The National Committee on Maternal Health. New "Vork City. Much advisory credit Is due 
to Dr. Gamble and also Dr. T. K. Brown, "Washington University School of Medicine, Depart- 
ment of Obstetrics and Gynecology, and the St. Louis Maternity and Barnes Hospitals. 

Received for publication, August 3, 1943. 

fThe author has observed several instances Jn which a leucocyte had ingested an active 
spermatozoon; pronounced flagellation ensued and continued for several minutes. 
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room temperature (approximately 27° C.), and 140 to 150 hours at refrigerator 
temperature (5° C.). The 2.8 per cent phthalate was mixed with an equal 
amount of semen, and the immobilization time (spermicidal time) was noted 
(Brown and Gamble, 1940, 1941). This was repeated at convenient intervals 
until the spermicidal time reached two to seven minutes; this was called the 
aging time or longevity (Brown and Gamble, 1941, 1943). 

EFFECT OF VAGINAL SECRETION, URINE, PUS, AND BACTERIA 

Brown (1943) determined that the longevity time of spermatozoa in a 
mixture of equal parts semen and vaginal secretion was reduced to 55 to 60 
per cent of control time. Spermatozoa from the postcoital vagina, being con- 
stantly in contact with intermixed secretion, are inferior to the control. Urine 
which was normal by routine laboratory test reduced the longevity time to 
about 60 per cent of control time; diabetic urine (3-f), to 80 per cent; and 
icteric urine (3+), to about 45 per cent (Brown, 1943). Pus from urethritis, 
etc., decreased the longevity variably depending on the degree of puruleney. 
Pus cells may ingest the spematozoa (3), and fragments and cells at times 
adhere to the flagellum, etc., of the spermatozoon, thereby decreasing its activ- 
ity. Spermatozoa contaminated with bacteria invariably have a decreased 
longevity, probably from toxic metabolites. Motile bacilli may also be confus- 
ing to the mieroscopist when using low power oblique dark-field illumination. 

ESSENTUL CONTROLS 

Because of the pronounced variation of spermatozoal vitality as determined 
by spermicidal times (Brown and Gamble, 1940, 1941, 1943), controls to deter- 
mine the vitality and aging process of spermatozoa are essential at the outset 
and during tests. 

SUMMARY 

1. Sperm should be collected directly into clean glass vials. 

2. It should not contact rubber condoms, stoppers, or bulbs even for a 
short interval. Contact with brass and copper should also be avoided. 

3. Contact with air has no demonstrable effect. Temperature should be 
kept constant during an experiment as valuations affect the spermatozoa 
longevity. Sperm should be preserved at temperatures approximating 5 
for reduced aging effect. 

4. Sperm collected from the vagina age more rapidly than the control- 
Urine, pus, and bacteria are deleterious. 

5. Carefully planned controls should be run concurrently with all tests 
on spermatozoon vitality. 
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A SIMPLE APPAEATUS FOE DETEEMINING PEEIPHEEAL AETERIAL 
PEESSUEE IN THE EABBIT’S EAE* 


G. B. Eeed, O.B.E., Ph.D., and Benjamin Kropp, Ph.D., Kingston, Ontario 


T he apparatus described below is designed to determine the pressure of the 
central artery of the rabbit’s ear. Devices similar in principle have been 
described, notably that of Grant and Eothscliild (1934). However, in our hands 
results with this simpler apparatus have been uniform when the indicated pre- 
cautions were observed. 

A glass reservoir (Pig. 1) (A) containing mercury is connected by means 
of rubber tubing with a one-half inch T tube (E). The lower arm of the T (C) 
contains a Incite rod of proper length which serves to transmit light from the 
source (D) and also to provide a seal for the lower portion of the air chamber. 
The open end of the upper ami of the T is covered by a small sheet of condom 
rubber wliich is securely fastened around the neck of the tube. Care must be 
talien not to stretch the rubber while fastening in place. Over the top of the 
rubber-covered chamber is placed a plate of glass (E), about 1 inch by 4 inches 
by inch. This glass is attached to a screw (F) so that it may be moved freely 
up and down over the air chamber. IVlien in use, the shaved ear of the rabbit 
(the animal anesthetized or held in a suitable holder) is permitted to rest by 
its oivn weight on the rubber-covered top of the air chamber. The glass plate 
is then screwed doum over the ear, holding it firmly but gently enough not to 
compress the artery. By observing from above, the position of the ear is easily 
adjusted so that the artexy lies across the diameter of the chamber tube. A 
binocular dissecting microscope (25 diameters) supported above the plate (E) 
facilitates adjustment and observation of the arteiy. By means of the needle 
valve (6) the zero point is adjusted on the mercury manometer (H)- The 
mercuiy bulb is then raised by means of a suitable screw and ratchet, which 
balloons out the rubber diaphragm covering the inflation chamber and com- 
presses the artery between it and the glass plate above. When the artery is seen 
to be just occluded the manometer is read. By carefully adjusting the occlu - 
ing pressure it is possible to measure both diastolic and systolic pressures. S^y 
eral readings on one annual may thus be taken in rapid succession, but it is 
essential to take successive readings on the same point on the artery. If 
readings diverge greatly it may indicate leakage or other defects in the ap 
paratus, provided both the environmental and animal temperatures reiuaine 
constant and the animal ivas not restless. 

The appai-atus is constructed of % inch pressure tubing, and great caie 
must be taken to see that all connections are airtight. The most frequent pon'^ 
of leakage is the rubber diaphragm. It is desirable to check this each time 
instrument is used. The whole should be suitablj’^ supported and firmly fas a 
to the table top. 

*Erom the Departments of Bacteriology and Anatomy, Queen’s University. 
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A suitable rabbit holder may be made by shaping plaster of puris bandages 
about a model which is then cut into an upper and lower section. A rabbit 
placed in a crouching position in the lower half is held firmly but in a com- 
fortable position by strapping down the upper section. The ears protrude 
through an opening in the top. The rabbit quickly learns to remain perfectly 
quiet for the short period necessary to obtain manometer readings. 

The apparatus has also been used successfully with guinea pigs and rats. 



Fig. 1. — Explanation in text 


Although the readings obtained with this apparatus were found to be con- 
sistent and reproducible under controlled conditions, it was desirable to com- 
pare the readings on the peripheral pressure so obtained %vith the systemic ar- 
terial pressure as obtained through the femoral or carotid arteries. This pro- 
cedure was also expected to serve as an accurate check on the efficiency of the 
apparatus. Several rabbits were tested in this way. On the anesthetized animal, 
a carotid cannula was inserted and connected with a V tube mercury manometer. 
Simultaneously readings were taken on the ear artery with the apparatus de- 
scribed above. The two pressures were recorded at the same moment by dif- 
ferent observers. Readings were first taken on the anesthetized animal at 
about one minute intervals for fifteen to thirty minutes. Later the animal 
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Table I 

Simultaneous Beadings on Carotid and Peripheral (Ear) Arterial Pressures, in mm. of 

Mercury. Babbit. Animal No . 10 


time 

CAROTID 

PERIPHERAL 

2.05 

68 

22 

2.06 

70.5 

23 

2.07 

63.5 

19 

2.08 

67 

20 

2.10 

67 

19.5 

2.11 

70 

21.5 

2.12 

67.5 

21 

2.14 

69 

21 

2.15 

69.5 

21.5 

2.16 

68 

20 

2.17 

71 

21.5 

2.19 

68.5 

19 

2.21 

71 

21 

2.22 

69 

20 

2.23 

68 

19 

2.24 

67.5 

17 

2.25 

68 

18.5 

2.26 

67 

17 

2.27 

67.5 

18 

2.28 

69 

20.5 

2.29 

69.5 

21 

2.31 

69 

20.5 

2.32 

70 

21.5 

2.33 

69.5 

21 

2.34 

68.5 

19 ■ 

2.35 

69 

20 

2.37 

69 

20.5 



Pig. 2. — Pressure of carotid artery (upper curve), central artery of ear (lower cut 
inm. of mercury. Simultaneous readings. 1.1 c.c. pltressln Intravenously one minute 
first reading. Rabbit. Animal No. 11. 




before 


received pitressin intravenously and both carotid and peripheral pressures were 
again recorded. Table I gives the data on these readings over a thirty-fiy® 
minute period for one animal. In Fig. 2, the data show graphically the carotid 
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pressure (upper curve) and the peripheral pressure (lower curve) after the 
animal received 1.1 c.c. pitressin two minutes previous to the first reading. 

The striking similarity in fom of the two curves would seem to indicate 
the efficiency of the apparatus in measuring peripheral arterial pressure, as 
well as to show that under these conditions the peripheral arterial pressure 
so obtained follows the same fluctuations shown by the carotid pressure although 
of lower amplitude. 
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COMPAEISON OF PROCBDUEES POE STAINING TUBBEOLE BACILLI 
IN FLUOEESCBNCE MICEOSCOPY* 


H. I. Lee, M.D., Los Angeles, Calif. 


I N THE detection of tubercle bacilli, uniformly better results have been re- 
ported with fluorescence than with the Ziehl-Neelsen stain, the flgures ranging 
from 6 per cent to 40 per cent more positive tests for the former method. The 
advantages given for fluorescence microscopy are that it stains more bacteria; it 
is a more rapid method of determination; it is less tiresome for the laboratoiy 
technician; and it offers better contrast of bacilli in the field of vision. 

Folio-wing the early reports of Hagemann^* ^ in 1937 and 1938, there de- 
veloped widespread interest in this procedure. Because some investigators 
have altered the staining technique in some respects, a comparative study ot 
these procedures was felt to be desirable. An experiment was therefore con- 
ducted to test the value of various decolorizers and counterstains used m 
fluorescence microscopy. 


APPARATUS 


Light Source . — A simple 100 watt mercury vapor lamp placed in a lamp 
housing and used in conjunction -with a special blue glass filter was employed 
as the source of ultraviolet light radiation. 


Microscope . — An ordinary monocular microscope was used with a 4 mm. 
objective N.A. 0.85 together with a lOx ocrrlar. A prelinrinary comparison of 
4 mm. objectives N.A. 0.85 and N.A. 0.66 revealed the former as having a 
brighter field of vision, although less contrast between the organisms and their 
background was apparent. The latter type of objective appears to reduce the 
transmission of light about 60 per cent according to Eichards et al.® ^ 
aluminized mirror was placed over the mirror of the microscope to avoid loss 
of ultraviolet light rays, and a yellow filter was inserted into the eyepiece. 


PROCEDURE 

Smears . — Slides of equal thickness were prepared with smears made froi" 
a uniform saline suspension of tubercle bacilli. All slides were examined withm 
twenty-four hours after staining, since fluorescence begins to be reduced there 
after. 

Dye . — Auramine in a 0.1 per cent aqueous solution -with the addition o 
5 per cent phenol was used. All slides were steamed for five minutes and t en 
washed in tap water. 

Decolorizers . — Five different decolorizing solutions were used in several 
strengths and for the time periods as follows : 

♦From the I>aboratorj' Dept.. Los Angeles Sanatorium. Duarte. Calif. 
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Decolorizer 

3 per cent concentrated Iiydrochloric 
acid in 95 per cent alcohol 

3 per cent concentrated hydrochloric 
acid in 70 per cent alcohol 

0.5 per cent concentrated H.C.L. and 
0.5 Gm. NaCl in 70 per cent al- 
cohol 

5 per cent concentrated nitric acid in 
70 per cent alcohol 

25 per cent concentrated sulphuric 
acid in 70 per cent alcohol 


Time Used 

Until preparation colorless (ab. 5 
min.) 

Until preparation colorless (ab. 5 
min.) 

3 min. (1 min. pour off and renew for 
2 min.) 

30 seconds 

30 seconds 


Further Staining . — 

Potassium Permanganate Solution. — A series of slides was stained with 
and without the use of potassium pennangauate solution in order to demonstrate 
its importance in eliminating side fluorescence. A 1 :1000 aqueous solution was 
prepared, into wliieh slides were dipped for one second following deeolorization 
and washing in tap water. 

Methylene Blue Solution. — Other slides were counterstaiued with methylene 
blue solution and compared with smears untreated with this dye, so that its 
value in offering better contrast between the bacilli and their background could 
be studied. Loelller’s alkaline methylene blue solution diluted 1:10 was used 
for three seconds following deeolorization and in some cases treatment with 
potassium permanganate solution. The slides were then washed in running 
water and dried. 

There were a total of twenty fluorescence-stained slides in this study. The 
presence of tubercle bacilli on each of the slides was verified by a control smear 
stained by the Ziehl-Neelson method. Each fluorescence-stained slide was exam- 
ined for best visibility of tubercle bacilli as compared with other slides in the 
series. The intensity of light radiation offered by the organisms as they ap- 
peared to the eye of the investigator was the deciding factor in establishing the 
degree of luminescence on microscopic examination. 


RESULTS 

A slide decolorized with a solution of 25 per cent concentrated sulphuric 
acid in 70 per cent alcohol followed by staining with a 1 :1000 aqueous solution 
of potassium permanganate offered the best visibility. Another slide decolorized 
with a solution consisting of 3 per cent concentrated hydrochloric acid in 70 
per cent alcohol and eounterstained with potassium permanganate solution and 
the methylene blue solution presented a degi-ee of visibility which proved second 
best. A slide decolorized with a solution of 0.5 c.e. concentrated hydrochloric 
acid and 0.5 Gm. sodium chloride in 70 per cent alcohol and eounterstained with 
methylene blue solution gave the third best results. 

In studying those slides which were not stained following deeolorization, 
the investigator was troubled somewhat by side fluorescence of material such 
as crystals, tissue cells, fibers, secretions and like particles. However, it was 
generally observed that somewhat fewer organisms were present on those slides 
which were eounterstained with methylene blue solution. : ' 
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DISCUSSION 

There is no doubt that an improved source of light which would allow for 
binocular vision would greatly improve detection of the organisms. Until this 
is found we must necessarily restrict our improvements to bettering the stain- 
ing technique. 

The dye, auramine 0, appears to be the best in use at present. A com- 
parison of this coloring matter with other fluorescent dyes’ such as fluorescein, 
rhodamine, tartrazine, ehrysoidine and Victoria green showed that none of 
these could equal auramine in degree of fluorescence when exposed to ultra- 
violet rays. Hagemann=* cold-stained his slides at room temperature as did 
Richards et al., but we preferred the steam-staining period of five minutes as 
used by Hermann* and by Bogen.* We felt better assured of thorough fast- 
ness of the .stain and a lesser effect on them by strong decolorizing solutions 
which were subsequently used. 

In deeolorization of his stained slides Hermann used a solution of 3 per 
cent concentrated hydrochloric acid in 70 per cent alcohol for a period of fifteen 
to twenty seconds. He then made the observation that if this solution was used 
for a period longer than three minutes, some of the tubercle bacilli also became 
decolorized. Thompson,^ using a decolorizing solution of 1 per cent concentrated 
hydrochloric acid and 0.5 Gm. sodium chloride in 70 per cent alcohol, treated his 
stained slides for a period of twenty minutes (ten minutes, pour off, and renew 
ten minutes). He preferred this stronger acid solution and a longer period of 
decoloiuzation than that used by Richards from whom Thompson’s technique was 
taken. From the results of these observations and those of this experiment, the 
stronger decolorizing agents appear to improve the fluorescence of the organisms 
and prevent interfering side fluorescence. Nevertheless, as stated above, care 
must be used in accurately timing the decolorizing period to avoid bleaching ot 
the tubercle bacilli. 

Fewer organisms are seen with the use of a dye countemtain such as 
methylene blue. This has been noted also by other investigators and is important 
on slides with scanty bacilli. Therefore, the use of potassium permanganate solu- 
tion following decolonization can be sufficient in overcoming interfering fluores- 
cence. 

According to Oscarsson,® “overdiagnosis” of the slide must be cautioned 
against, especially in eases with few bacilli present on the slide. This could 
result from fluorescence of near-by material resembling the morphology of acid- 
fast bacilli. We found this to be true in our early studies with 100 comparative 
slides. There was a tendency to interpret a very high percentage of positive 
results although these subsequently proved to be unfounded in great part when 
cheeked by standard control procedures. We are still unable to feel complete 
reliance in this procedure as an accepted method of examination. Assurance m 
the diagnosis of tubercle bacilli by fluorescence microscopy is not easily ac- 
quired. 

SUMMARY 

Lacking improvement in the source of ultraviolet light and in the lunu- 
neseing dye used in fluorescence microscopy, changes can be suggested in 
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use of various types of decolorizing and counterstaining solutions for the detec- 
tion of tubercle bacilli. 

The application of stronger decolorizing agents than those commonly em- 
ployed appeal's to be advantageous. 

The additional staining of the slides with potassium permanganate .solu- 
tion improves the visibility of the organisms. 

Further counterstaining with methylene blue solution seems to be an un- 
necessary step and may only reduce the number of organisms visible in the field. 

Confidence in the use of this pwccdurc is not easily gained. 
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CHEMICAL 


THE MICEODETEEMINATION OP AjMINO ACID NITEOGEN IN BLOOD 
WITH THE SPECTEOPHOTOMETEE AND WITH 
THE OPTICAL COLOEIMETEE* 

Kathryn K. Krauel, Ph.D., Eloise, j\Iich. 

R ecently a modification of Polin’s^ method for the determination of 
amino acids in the blood using the optical colorimeter was published by 
Sahyun.- He used Danielson’s^ mixed amino acid standard consisting of glycine 
and glutamic acid. The major change from the Folin method was that tlie 
amino acid solution (or the blood filtrate) was heated Avith the dye in a boiling 
water bath for three minutes instead of being left in the dark overnight. This 
materially accelerated the deteimination of amino acids. Both a macromethod 
and a micromethod were proposed, but it was found that the color produced in 
the micromethod was too light for accurate optical colorimetric or speetro- 
photometric detennination. The present study was undertaken in an effort to 
increase the intensity of the color difference, and hence the accuracy of the 
method, and to adapt it to the spectrophotometer. 

EXPERDEENTAL 

Eeagents. — ■’ ‘ • 

Sodium Hydroxide, 0.05 N solution. ' 

Sodium Borate, 2 per cent solution. 

Phenolphtlialein, 0.25 per cent solution. 
Sodium-/3-naphthoquinone-4-sulfonate, 0.5 per cent solution 
prepared freshly befoi’e using. Do not use a solution that 
has stood for more than 15 or 20 minutes. 

Special acetic acid-acetate reagent, 100 c.c. of 50 per cent 
acetic acid diluted with an equal volume of 5 per cent 
sodium acetate. 

Sodium thiosulfate, 4 per cent solution of NaaSoOa.SHoO. 

Stock standard amino acid solution, containing 0.1 mg. of 
alpha amino nitrogen per c.c. Samples of glycine and 
proline are dried to constant weight over sulfuric acid in 
vacuum. Accurately weigh 1S7.S mg. of proline and 
412.S mg. of glycine, and dissolve in 0.07 N HCl contain- 
ing 0.2 per cent sodium benzoate as a preseiwative. The 

•From Uie Laboratory of Medical Research of the William X Seymour Hospital. 

Tills work was supported by a grant from the Frederick Steams and Company, ^ 

Mich- 
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resulting solution is made up to 1 liter in a volumetric 
flask, using 0.07 N HCl — 0.2 per cent sodium benzoate as 
a diluting fluid. 

Working standard amino acid solution, containing 0.004 mg. 
alpha amino nitrogen per c.c. Prepared by accurately 
introducing 2 c.c. of the stock standard into a 50 c.c. 
volumetric flask and diluting to volume. 

Dilute tungstic acid solution, 40 c.c. of 10 per cent sodium 
tungstate in a liter volumetric flask diluted to about 800 
c.c. with water. Add 40 c.c. of % N sulfuric acid and 
dilute to volume. This solution will not keep indeflnitely ; 
and whenever a white precipitate of tungstic acid appears 
in the bottom of the bottle, a fresh solution should be 
made up. 

Procedure . — A Model 11 Coleman Spectrophotometer was used. The 
optimum wave length for this method on the spectrophotometer was found to 
be 470 m/“. 

Using a calibrated mieropipettc, introduce 0.2 c.c. of fingertip or oxalatcd 
blood into 6 c.c. of the special dilute tungstic acid solution in a 15 c.c. centrifuge 
tube. Mix well, lot stand for about five minutes, and centrifuge. Into a gradu- 
ated test tube, introduce 5 e.e. of the filtrate and simultaneously measure 5 e.e. 
of distilled water into another graduated test tube for the blanlc. Add to each 
1 drop of pheuolphthalein and neutralize to a definite pink with 0.05 N sodium 
hydroxide. If on standing a short time the color gradually fades, do not add 
more, as the color -will return when the borate is added. Add 1 e.e. of 2 per 
cent sodium borate ; the color should be of a uniform pink shade in all of the 
tubes. Then add 0.4 e.e. of freshly prepared sodium-/8-naphthoquinone-4- 
sulfonato and mi.x well by shaking. Immerse in a boiling water bath for three 
minutes, cool under running water. Add 1 c.c. of acetic acid-acetate reagent 
followed by 1 c.c. of 4 per cent sodium thiosulfate. Dilute to the 10 c.c. mark, 
mix by shaking (do not invert unless the tube has a ground glass stopper), 
and compare colors.- 

Standardization of the Spectrophotometer . — The 0.004 mg. amino acid 
standard was used to standardize the spectrophotometer by taking the follow- 
ing portions : 

A blank consisting of 5 c.c. of distilled water 

1 c.c. of standard, corresponding to 2.48 mg. per 100 e.e. 

2 c.c. of standard, corresponding to 4.96 mg. per 100 c.c. 

3 c.c. of standard, corresponding to 7.44 mg. per 100 c.c. 

4 c.c. of standard, corresponding to 10.02 mg. per 100 c.c. 

5 c.c. of standard, corresponding to 12.40 mg. per 100 c.c. 

All samples were diluted to 5 c.c. with distilled water and treated the same 
as the blood filtrates. The per cent absorption was graphed against the mg. 
per 100 c.c. concentration in the blood on semilogarithmic paper. Then for all 
determinations, a blank was used instead of a standard, and the graph was 
consulted for the concentration. 
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Optical Colorimeter . — ^When this method was tried on the optical colorim- 
eter, it was found to give results which were 0.2 to 0.5 mg. per 100 c.c. less than 
on the spectrophotometer. The 3, 4, and 5 c.c. standards, as described under 
standardization, were used with the standard set at 20 mm. 

DISCUSSION 

In adapting the maeromethod to the spectrophotometer, it was found that 
the only modification necessary was to reduce the amount of 0.25 per cent solu- 
tion of sodium-j8-naphthoquinone-4-sulfonate from 2 c.c. to 1 c.c. for each sample. 
The standardization of the instrument for the maci’omethod was carried out 
using portions corresponding to 3.33, 6.67, 10.0, 11.7, and 13.3 mg. per 100 c.c, 
in blood of either the macrostandard of glycine-glutamic acid as in Sahyun’s 
original maeromethod^ or a macrostandard made from a stock proline-glycine 
standard. 

In the micromethod the principal changes made consisted of a reduction 
in the amount of dye used, an increase im the concentration with a decrease m 
its volume of the precipitating reagent, and the substitution of a proline- 
glycine standard for the glycine-glutamic acid standard. 

Recovery experiments were made by adding known amounts of glycine- 
glutamic acid standard in three different concentrations to blood filtrates of 
both the micromethod and the macromethod. The average deviation from the 
theoretical recovery of added glycine-glutamic acid standard in nine experi- 
ments was -0.33 mg. per 100 c.c. for the micromethod and -0.14 mg. per 100 c.c. 
for the macromethod. 

A series of 24 oxalated bloods run to test the accuracy of the micromethod 
as compared to the macromethod showed an average difference of +0.054 mg. 
per 100 c.c. In most cases the variation amounted to 0 to 0.3 mg. per 100 c.c., 
and in no case was it greater than 0.7 mg. per 100 c.c. The amino acid nitrogen 
levels (fasting) ranged from 6.6 mg. per 100 c.c. to 11.4 mg. per 100 c.c., with an 
average of about 8. 

Glutamic acid, glycine, alanine, valine, leucine, phenylalanine, tyrosine, 
proline, histidine, cystine, arginine, and tryptophan were, made up so that 1 
c.c. of solution would contain 0.1 mg. of alpha amino nitrogep. From these 
solutions, mixtures were made up which simulated as nearly as possible the 
amino acid compositions of casein, lactalbumin, and globin as reported in the 
literature,* because it was felt that these rvould simulate the amino acid com- 
position of the blood. Proline, in spite of the fact that it has no primary alpha 
amino group, reacts ivith the dye and so was added in correct concentration to 
the mixtures. Micro-Kjeldahl analyses were made of all of the amino acid solu- 
tions and were found to agree closely with the theoretical. 

Because it was found that proline did react with the dye, pseudoprotein 
mixtures were studied with and Avithout proline present. It was found that 
proline had an effect greater than its nitrogen concentration as compared to 
glycine and glutamic acid. This effect seemed to be enhanced by the presence 
of arginine and presumably by other basic amino acids. 

In Fig. 1 the micromethod calibi’ation curves on the spectrophotometer 
at wave length 470 m/“ are sho\vn for the two representative pseudoprotein 
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Piff* 1.— Calibration curves for amino acid mlcromethod ualni; different amino acid mixtures- 
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mixtures giving respectively tlie least and the greatest absorption. For com- 
parison the curves for the usual glyeine-glutamic acid standard and for the new 
proline-glycine standard arc also pictured. In the proline-glycine standard, 2 
parts of the alpha amino nitrogen arc due to proline and 7 parts to glycine. 
Fig. 2 shows similar comparative curves for the macroinethod. It can be seen 
that the proposed prolinc-glyeine standard is more nearly a median between the 
pseudoprotein extremes in both the micrometliod and the macromethod than is 
the glycine-glutamic acid standard. 


SUMMARY 

A new micrometliod for the determination of amino acid nitrogen in the 
blood, based on the Sahyuu modification of Folin’s method is described. Various 
factors which increase the accuracy over the previous microniethod are taken 
into consideration. The method is adaptable both to tlie spectrophotometer and 
to the optical colorimeter. 

Tho author wishes to acknowieage her gratitude to Dr. Melville Sahyun of Frederick 
Stearns and Company for hia helpful sueeostioos and to Dr. Hans Hecht of the William J. 
Seymour Hospital for technical assistance in obtaining the blood samples. 
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A NOTE ON A SIMPLIFIED AND EAPID TEST FOR PROTEINURIA 


Lt. J. Morkis Horn, M.C., U. S. Army 
With the Technical Assistance op Charles D. Boyd, U. S. Army 


I N THIS laboratory large numbei’s of routine urinalyses are performed daily. 

A test for proteinuria which would involve a minimum of equipment, a simple 
technique, and accurate results Avas sought. 

The procedure developed represents a qualitative ring test for detection 
of px’oteinuria which, by observance of the degree of density of the ring, is 
roughly quantitative. 

The reagent, developed by one of us (C. D. B.), consists of a mixture of 
equal parts of a 5 per cent aqueous solution of trichloracetic acid and absolute 
methyl alcohol. This reagent, in Avell-stoppered dark bottles, may be kept in- 
definitely Avithout evident deterioration. The trichloracetic acid precipitates the 
urinary protein, and methyl alcohol makes the resulting solution light enougli 
to overlay the urine. 

The test is performed as folloAvs : Prom 5 to 10 c.c. of mine are centrifuged 
in a centrifuge tube, or ordinary test tube, and this is overlaid Avith the reagent 
by dropping four to eiglit di’ops from a dropper bottle. The presence of an 
abnormal amount of albumin is indicated by the prompt formation of a Aviute 
ling at the junction of the urine and reagent. The most consistent results 
are obtained Avhen the test is read betAveen thirty to sixty seconds. FolloAAung 
the reading of the test, the urine (and reagent) may be poured out and the 
microscopic examination of the urine carried out on the sediment. 

The advantages of this technique OAmr those in general usage are most cau- 
dent in a laboratory Avhere a large volume of Avork is done such as in military 
hospital laboratories. The procedure is time saving in that no complicated 
techniques are involved; one centrifugation and one set of test tubes serve for 
both the protein test and microscopic study. The simplicity of performance and 
the distinctness of positive tests make it a dependable test for both student and 
trained technicians. 

Trichloracetic acid is recognized as an efficient reagent for precipitating 
protein and has been applied to the study of urine in the form of both contact 
and turbidity tests. Various studies, hoAvever, Avere carried out by the authoi’s 
to obtain the optimum strength for this pai'ticular teelinique. Studies on bo 
pathologic urine specimens and specimens prepared by the addition of varying 
quantities of blood serum indicate that the small quantities of protein norma y 
present in the urine are not detected by this test, and amounts generally con 
ceded to be pathologic show positive tests. 

This test has been used in an Army Station Hospital laboratory as t le 
routine method for testing for proteinuria for five months, during Avhich tmie 
over 4,000 tests have been made. Most of the positives Avere cheeked by ot ei 
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techniques, and on a considerable percentage, quantitative determinations were 
done. Only one false positive was obtained, this being due to an excessive amount 
of mucus whicli was not flirown down by centrifugation. Two hundred consecu- 
tive urines negative for protein by the authors’ technique were also negative 
with Robert.s’ reagent. 

Studies of the microscopic sediment from tubes in which this test has been 
perfonned show no alteration in either the formed elements or unorganized 
chemical constituents. As a matter of fact, studies show that the pH of the 
urinary sediment is not altered. 

SUMVURV 

A simple, lime- and equipment-saving contact test for proteinuria using 
trichloracetic acid and methyl alcohol has been described. tVe believe this test 
ivill prove to be of considerable value, especially in military laboratories. 



BOOK NOTICES 


The Neuromuscular Maturation of the Human Infant* 

T he author has demonstrated, rrithin a little over a hundred pages, what to expect in 
the development of the newborn infant until it arrives at a state where its activities 
are under cortical control. 

The maturation of the infant shows its development to cover periods of transition 
from a phase where the body activities are under subcortical control to one in which the 
activities are under cortical control. Through diagrams and illustrations as well as de- 
scriptive text, the various phases the infant passes through from subcortical to cortical 
control are aptly demonstrated. 

In describing the infant’s growth the author gives the various phases the infant 
passes through in learning to roll over, crawl, sit, and walk. Diagrams are presented to 
chart these phases of development so that one infant’s activity can be compared with that 
of another and normality for an individual can be determined. 

The author in concluding states that exercise of a newly developing function is in- 
herent in the process of growth, and if ample opportunity is afforded at the proper time, 
specific achievements can be advanced beyond the stage normally expected. She also con- 
cludes that training of any particular activity before the neural mechanisms have reached 
a certain state of readiness is futile. 

After reading the book, which was found to be very instructive and entertaining, 
the reader feels that he has a much better insight into the neuromuscular maturation of the 
infant. 

L. B. S. 


The Autopsyt 


Technical Methods 


T he autopsy is the subject of a special war number of the Journal of 
and the Bulletin of the International Association of Medical Museums. 

The importance of the autopsy along with special bacteriologic, chemical, and o n-*" 
methods in furthering our knowledge of war wounds, diseases of wmr, and tropical medicine 
is emphasized in an introduction by the Conference Group on Pathology of the Nation 
Eesearch Council. 

There follows a very complete discussion of the autopsy, including autopsy permission, 
the relation of the coroner, regulations of the Army and Navy, equipment and supply 
necessary for the autopsy room, and the technique of the autopsy. The techniques 
scribed along with the description of the protocol are those usually to be found m 
better institutional departments of pathology. Toxicologic, bacterial, and medicolegal ex 
aminations are also discussed. 

The presentation should serve as an excellent means of securing standard performance 
of autopsies in the Army and Navy and should prove of value to many pathologists i 
maintaining the standard of the autopsy. 


♦The Neuromuscular Saturation of the Human Infant. By Myrtle B. McGraw. Clod’' 
140 pages. Morningside Heights, Columbia University Press, New York, 1943. Bulletin 

♦The Autopsy. Special war number of the Journal of Technical Methods and 
of the International Association of Medical Museums, No. XXHI, February, 1343. 
pages. Waverly Press, Inc., Baltimore, Md., 1943. 
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CLINICAL AND EXPERIMENTAL 


STUDIES OK A POLYSACCHARIDE FROJl THE 
TUBERCLE BACILLUS* 


Oeoroe V. AND John A. Policy, M.l)., Boston, JIass. 


R kfeuences to tiic role jilaycd by polysacrbariJe substances in j>8ithologic 
and nonpntholo^ic processes arc juuncrons and date back some 40 years, 
when Emerling,^ and Schardinjrer,’ reported t)ie Isolation of a nonnitrosenous 
polysaccliaridc from Bacilhoi lactis ncrogcnr.'f. Our more recent knowledge of 
the chemical and iinniunologie spceifieity of polysacelmride materials, especially 
from the pticumoeoceus and tubercle bacillus, has been derived in a large measure 
from tlie work of Landsteiuer, Hcidle)>erger, Avery, (loebel, Sabin, and their as- 
sociates. Otlier workers have contributed information coueeniing this subject. 

In view of tiie above work and since no definite role has been assigaod to the 
polysaccharide fraction in the pathogenesis of tubeivulo.sis, it seemed worth 
while to attempt the following type of experiment. 

AIATEHUL AND .AI12THODS 

The fraction was isolated from the a<iiicou.s extract (2000 c.c.) of approxi- 
mately 4 kilograms of moist genu ma-ss whicli had been grown on Dorset's 
vsynthetic medium. Tiic bacillary mass wa.s mwhanically agitated in its aqueous 
liquor for one montli previous to the process of extraction. The fraction wlion 
ready for clinical testing was free from organic nitiogen, as was determined by 
the biuret, niniiydrin, and tlie sodium fusion (Lassaigne) tests. Tiie material 
gave a strong MoliscJi reaction, indicative of carbohydrate substances; it doe.s not 
reduce before hydrolysis but reduces alkaline copper reagents after Jiydrolysis 
in 1 N Hcl. Tests for combined jientoscs were positive The optical rotation 
(observed) was 58 D. Tlie naphthoresoremol tost for glyenronic acid was 

•From the Hospital Department, S^natoiluiu Division of the Boston Citr Hospital. 
Recei^cil for pubilcatlou, July. 1313. 
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negative. The fraction was completely soluble in water at ordinary room 
temperature. Further chemical investigation of the carbohydrate material is 
now under way. 

TOXICITY 

The tests for toxicity were carried out in tuberculous and nontuberculous 
guinea pigs. Temperatures were taken in each case before any injections were 
made. Twenty milligrams in 1 e.c. of nonnal saline solution given intra- 
peritoneally was found to be the lethal dose for animals with generalized 
tuberculosis. Death followed wdthin five to eight hours after administration of 
the lethal dose. Nomial saline solutions were injected into control animals. 
The carbohydrate material produced a rise of 3 to 5 degrees in the tuberculous 
animals and from 1 to 2 degrees in nontuberculous animals. The temperatures 
in the infected animals continued to fall to 95° F. at the time of death. In 
the nontuberculous animals the temperatures did not fall to more than 2 
degrees below the temperatures taken before injection; none of the nontuber- 
culous animals succumbed to the dosage used. No rise in temperature was 
observed in the control animals given 1 e.c. of the saline solution alone. It was 
also noted during post-mortem examination of the tuberculous animals that those 
with far-advanced disease succumbed sooner than those wath less or minimal 
amounts. Death in the tuberculous animal follorved three to eight hours after 
injection, depending upon the extent of disease present. 

CLINICAL 

After repeated animal experiments of the above character, one of the 
w'riters (G. V. K.) and 14 members of the hospital staff, received intracutaneous 
injections of 0.01 mg. in 0.1 c.c. amounts of the material made up in normal 
saline solution. Saline controls were used by similar route in the opposite arm, 
the saline being the same solution used for dilution of the carbohydrate 
material. Five of the latter group were arrested cases of pulmonary tuber- 
culosis; the remainder had no history of active disease. The results of the 
skin tests in this group are listed in Table I. 

It has been noted during injections of this carbohydrate fraction that 
Avhen the material is administered subcutaneously, no reaction is seen in the 
skin whether in tubercular or nontubercular individuals. It has also been 
observed that in each instance when a positive skin reaction is elicited there 
occurs a concomitant change in the differential blood picture, i.e., a rise m 
lymphocytes mth a fall in the monocytes and a shift to the right in the 
Schilling index. The latter change has, in the majority of cases, been cor- 
related with the degree of skin reactivity. For example, the differential blood 
count of an individual (tubercular or nontubercular) with a ± or a -l- skm 
reaction (immediate reaction) has never reflected any noteworthy change follow- 
ing intracutaneous injections of this polysaccharide fraction. As a matter of 
note, the immediate type of reaction, although in many instances has been 
correlated with the clinical improvement of the patient, has nevertheless not 
been constant enough to permit any definite conclusions at this time regarding 
its clinical significance. 
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An ininsually severe reaction to the intracutaneous injection was seen in 
subject F. B. An area of erythema api)cared ^\^thiu 2 hours following the 
injection ; tliis gradually became intensely indurated and at its peak measured 
8 cm. in diameter. One of the axillaxy nodes became enlarged and tender. The 
reaction did not subside until 4S horn’s later and it was not accompanied by 
any febrile reaction or local necrosis. This individual gave no past history of 
active disease. 

In each case, total white, red, and differential blood counts were made one 
hour before injections were given, and counts were again made 8 hours following 
the injection. In the absence of any skin reactivity whatsoever, no clianges in 
the blood picture have ever been observed. The time of appearance of a 
positive test in a case of minimal disease, employing the usual dosage of .01 
mg., is approximately 3 houi's from tlie time of injection and is completely faded 
at the end of 20 haul's. In tlie instance of far-advanced disease, however, the 
reaction is delayed, and if it appears at all, it will not do so until 10 to 12 
hours following injection. In many far-advanced cases of this type the 
increment of dosage has had to be increased (i.c., 0.01 mg. to 0.1 mg.) in order 
to elicit a local reaction, which thou might appear in 5 to 10 hours or longer. 
In such cases, the reaction has been seen to jicrsist for from 72 to 124 hours. 

T.\blb I 


Skix Re.\ction xk Arkcsted and Xonarrcstcd Subjects 


SUBJECT 

SEX 

AGE 

AUOOKT 

ROUTE 

LOCAL REACTION 

IMMEDIATE 

DELATED 

A. 0. XX 

ill 

36 

0.01 JDg. 

I.V. 

+ 

+ + ( 4 hrs.) 

A. R. XX 

M 

33 

0.01 mg. 

I.V. 

f 

+ + ( 3 lirs.) 

W. R. XX 

M 

31 

0.01 mg. 

I.V. 

+ 

+ + ( 7 hrs.) 

A. M. XX 

U 

44 

0.01 mg. 

I.V. 


+ + ( 4 hrs.) 

W. K. XX 

U 

45 

0.01 mg. 

I.V. 

+ 

+ + ( 3 lira.) 

M. G. 

F 

23 

0.01 mg. 

I.V. 

+ 

0 

C. W. 

ill 

30 

O.Ol mg. 

I.V. 

0 

+ + ( 2 hrs.) 

P. C. 


30 

O.Ol mg. 

I.V. 

+ 

0 

G. M. 

11 

28 

0.01 mg. 

TV, 

+ 

0 

E. R. 

F 

23 

0.01 lug. 

TV. 

0 

+ + ( 6 hrs.) 

G. M. 

F 

20 

0.01 rag. 

I.V. 

0 

0 

E. J. 

F 

31 

O.Ol rag. 

I.V. 

+ 

+ + C 4 hrs ) 

M. B. 

11 

33 

O.Ol mg. 

I.V. 

0 

0 

P. B. 

11 

34 

0.01 mg. 

I.V. 

0 

+ + (48 hrs.) 

G. V. K. 

If 

3S 

0.01 mg. 

I.V. 

+ 

0 (15 hrs ) 


+ Wheal with eryU'cma and no Induration 2 cm. or more; 5' to 15'. 

+ + Wheal with erythema and induiation 2 cm. or more, 2 to 10 hours’ duration. 

XX Arrested cases of at least 2 yeais' standing. 

± Erythema less than one cm., with no induration 

In Table I there is noted a delayed i-caction iii three individuals with 
no past history of disca.se. Wc have not as yet lioeii alile to establish any 
correlation in such instances between the iiidividuars past history or present 
status and the skin reaction. The discussion of tlie latter type of reaction 
will be considered under the serologic heading. On repetition of the same dose, 
the size and intensity of tlie skin reaction is seen to fade until a local reaction 
is no longer elicited. The phenomenon is dependent upon tlie intensity and 
duration of the initial reaction. As mentioned above, a local reaction is again 
elicited when the increment of dosage is increased. 
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For the sake of brevity, and because more detailed tables and data are 
presently being prepared, we wish to present a group of 67 patients with 
minimal and far-advanced disease in whom injections of the polysaccharides 
were given without hematologic or serologic study, in an endeavor to show some 
correlation betiveen the local reaction and the extent of disease present in the 
individual case. In Table II is a summary of the patients thus studied: 


Table II 

Local Intracutaneous Reactions in Minimal and Far-Advanced Disease 


NO. OP 
PATIENTS 

STAGE OP 
DISEASE 

RANGE OP 

DOSE 

AV. TIME OP 
appearance OP 
LOCAL REACTION 

AV. TIME OF 
DURATION OF 
LOCAL REACTION 

22 

Minimal 

0.001 mg. 
to 

0.01 mg. 

3S hrs. 

19.7 hrs. 

45 

Far Advanced 

0.01 mg. 
to 

0..3 mg. 

lO.S hrs. 

52.4 hrs. 


Our observations in this group justify us in saying that (a) the time ot 
appearance, (b) the intensity and size of the local reaction, and (c) the dura- 
tion of the local reaction are to be definitely correlated ivith the extent of in- 
volvement in each individual ease. This observation suggests some reciprocal 
relationship to the toxicit}' tests performed earlier in guinea pigs, when it was 
noted that animals ivith far-advanced disease succumbed sooner to the dosage 
used then did those with a minimal amount. A similar gi’oup of patients are 
now being studied with accompanying hematologic and serologic studies. 


SEROLOGIC 

During the course of the above injections, attempts Avere made to demon- 
strate any antibod}’' response which might be elicited by injections of the 
carbohydrate substance. For this purpose, human subjects ivore divided into 
three groups: (1) tubercular patients who had received 12 -weekly injections 
in doses ranging from 0.001 mg. to 0.3 mg., (2) tubercular patients who had 
received no injections at all, and (3) nontubercular individuals who likewise had 
received no injections of the carbohydrate substance. The sera of all thiee 
gTOups -were tested for the presence of antibody before any injections were 
made. The technique used in determining the presence of antibodies is 
follow'S: 5 c.e. of blood were drawn from the antecubital vein and placed in 
a glass tube and allowed to clot. The clot wms later separated and the super- 
natant blood centrifuged at low speed. The sera -were then heated at 55° 6. 
for one hour. Dilutions in the sera of 1 to 10 were made in all instances. 

The method of titration used was that of the simple ring test, in which 
the serum vvas overlayed with an 0.01 mg. per c.c. concentration of the carbo- 
hydrate fraction in saline. An equal number of saline-carbohydrate controls 
were also used. The observations made on the sera of the above subjects aie 
given in Table III. 

In Table III there are noted tubercular and nontubercular individuals as 
well as a convalescent patient having pleurisy ivith effusion, -n'liose sera containc^ 
homologous antibodies for the carbohydrate fraction previous to any injection o 
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thu latter. Tills ]>hen(mieiion is altogether po-ssible in tuliorciilar individuals, 
since the carbohydrate fraction is a component part of the bacillary body. 
The instance of the convalescent pleurisy with effusion iniglit also be e.xplained 
on this basis. It becomes, however, more difficult to e.xplain the presence of 
demonstrable antibodies in the .serum of nontuliercular sulijects who have no 
past histoiy of active disease, with only the possibility of an earlier childhood 
type of infection. The persistance of circulating antibodies for an extended 
period of time is possible since one cannot easily determine tlie status quo of a 
primary comiilex. Eeeent expo.sure to respiratory and other types of infection 
must also be considered. Since the above subjects are members of the 
sanatorium staff and have been in intimate contact with tuberculous patients 
for a period of lime ranging from two to seven years, the presence of circulat- 
ing antibodies in these individual.s i.s iindenstandaiile on fhis basis. 

Table III 


Serum Re.\ction.s or a Variety or subject.s to the Carbohydrate FRArxiou 


SUBJECT 

CLINICAL 

STATUS* 

KUMunu 

INJECTIONS 

AMOUNT 

SEIlUM 

BEFOItE 

INJEfTlONt 

SEBUM 
AFTEIt 
INJECTION t 

SALINE 

CONTKOLS 

« H. F, 

Min. 

0 


0 

0 

0 

1 a'3 R. k. 

F. A. 

0 


0 

0 

0 

II a M. F. 

Mm. 

0 


X 

0 

0 

■a S w. c. 

F. A. 

0 


0 

0 

0 

S n. L. 

Min. 

0 


0 

0 

0 

M. K. 

F. A. 

10 

0.001 nig.-O..*! mg. 

0 

X X 

0 

3^ H. S. 

F. A 

10 

0.001 n>g.-0.3 mg. 

n 

X 

0 

11 K. P. 

F. A. 

10 

0.001 mg.-0.?> »»jg. 

0 


0 

•== M. C. 

Min. 

10 

0.001 ing.-O.l mg. 

0 

X X 

0 

^ ^ W. D. 

Min. 

10 

0.001 mg.-O.l mg 

0 

XXX 

0 

S ^ P- c. 

Nontb. 

0 


0 

0 

0 

iln E. J. 

Nontb. 

0 


0 

0 

0 

g E £ A. M. 

Nontb. 

0 


X 

0 

0 

H A. C. 

Nontb. 

0 


X 

0 

0 

5 1 C. W. 

Nontb. 

0 

0 

0 

0 

0 

Con- R, S. 

Nontb. 

0 

0 

XX 

0 

0 

valescent patient 







Pleurisy with 







effusion 








*MId. =; mmimal disease 
F.A = far-advanced disease 
tx = slight ring at junction of fluids 
XX — medium ring at junction of fluids 
X X X = heavy ring at junction of fluids 


The type of antibodies elicited by intracutaneous injections of this material, 
from determinations made thus far, lias been precipitin in nature only. The 
fact that the polysaccharide fraction used in the present experiment has re- 
peatedly stimulated the homologous type of antibody mij?ht lead one to question 
how a hapten-like material may apparently act as a complete antigen. In- 
vestigations on polysaccharide substances have showfi tJiem to be haptens because 
of their failure to stimulate antibody formation, the latter being a distinction 
set forth by Landsteiner. iEore recent olxservations, however, have been 
recorded, and they suggest that certain of the more complex liaptens may act 
as antigens under definite conditions. Tlius, the polysaccharide fractions that 
have been separated from various types of pneumococci, when tested liy 
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ordinary methods of inoculation into laboratory animals, have no antigenic 
action; on the other hand, when these haptens are injected into the skin of 
hiunan subjects in minute doses, specific antibodies are formed (Francis and 
Tillet,^ Finland and Sutliifed The animal and human experiments with the 
fraction used in this instance corroborates the observations of the above-men- 
tioned workers ; namely, that no antibody response has been demonstrated by 
anj^ other route than the intracutaneous one. 

Since the question of protein-nitrogen-contaminating polysaccharide frac- 
tions is constantly being raised, Ave felt it worth while to skin-test a group of 17 
nontubercular individuals ivith the purified protein deriimtiim (P.P.D.) and 
our polysaccharide fraction. The age range in this group was from 6 months to 
49 years. The entire group Avas first tested Avith P.P.D. The first strength 
dose of 0.0002 mg. Avas administered on the volar aspect of the forearm. Two 
Aveeks after all reactions to the protein had .subsided, the group Avas tested Avith 
0.01 mg. of the polysaccharide fraction. The results of these tests are sum- 
marized in Table IV. 


These eases are being presented for Avhat they are Avorth ; Ave feel, lioAvever, 
that the results suggest some difference in the nature of the tAVo fractions used. 
The results could be discussed at length from several points of vieAv; aat are, 
hoAvever, reserving this discussion until a similar and larger group Avhich is 
noAV being studied in greater detail is completed. 

To further investigate the nature of these antibodies, protection experiments 
against Avhat had previously been found to be the lethal dose in tubercular 
guinea pigs Avere carried out Avith the serum of the three types of subjects 
mentioned in Table V. 

For this purpose tuberculous animals Avere used. All of the latter bad 
been inoculated four Avceks previoinsly Avith 0.01 mg. strain H37 in the right 
groin and reacted Avitli tAim and tliree plus skin reactions to 1 0. T. intracutane- 
ously. The sera of all the patients used in this experiment Avere tested for tiic 
presence of antiliodies previous to injection in the animals. In all the sera ot 
the patients used, there Avere no demonstrable antibodies found, Avith the 
exception of the treated group. Since no cpiantitative methods Avere used in t 'C 
titration of the above sera, avc are unable to state definite titers of antibodies 
occurring in the sera used. One animal in the treated group succumbed to. the 
lethal dose. This animal AAdien sacrificed Avas found to have an extremely fd’' 
advanced disease. LikcAvise, Avhen using the sera of the non-treated tuberculai 
patient, one animal survived the letlial dose. This particular patient im 


previously shoAAm definite clinical improvement. 

Tliis is in keeping Avith some earlier obseiwations Avhieh were made idth 
the senim of patients avIio had shoAvn general clinical improvement Avith roar 
clearing in their x-ray report. The majority of these patients’ sera reac 
Avith the polysaccharide material in the dilutions and technique raeutione^ 
above. Since the carbohydrate substance Avith Avhich Ave are liere concern 
is still in the process of chemical study, and since tlie serologic techniques le 
employed are crude, one cannot be dogmatic in tlie interpretation of the a )0 
results. For instance, the fact that the precipitin type of antibody ’ 
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only type deinonstvable does not rule out the possibility of other neutralizing 
agents which are not easily demonstrated in vitro and come under the heading 
of protective type of antibodies. More definite conclusions on this particular 

T.VBLC IV 

Skin Tests in a NONTuuntcuL-vu, Gaour 


P. p. I). POLYSACCUAUIDE FRACTION 


CASE 

NO. 

AGE 

AND 

SEX 

DOSE 

AND 

ROUTE 

LOCAL 
IIBACTIOS t 

2 WEEKS 
LAPSING TIME 

DOSE 

AND 

ROUTE 

LOCAL 

REACTION 

1 

$ 0 znos. 

0.0002 

riig. 

I. Q.* 

+ 


0.01 

mg. 

I. Q.* 



5G yra. 

0 0002 

Dig. 

I. Q. 

+ 


0.01 

mg. 

I.Q. 

+ 

3 

916 yrs. 

0.0002 

lUg. 

I. Q. 



0.01 

mg. 

I. Q. 


•1 

317 yra. 

0.0002 

mg. 

I.Q. 



0.01 

mg. 

t.Q. 

+ 

■■ 



+ 


0.01 

mg. 

I.Q. 


(i 

$20 yra. 

HIRIUi|^d 



0.01 

mg. 

I.Q. 

+ 

7 



+ 


0.01 

mg. 

I. Q. 

+ 

8 

9 25 yra. 

BS 

+ 


0.01 

mg. 

I.Q. 

+ 

9 

9 25 yrs. 


+ 


0.01 

mg. 

I.Q. 

+ 

10 

$30 yrs. 

0.0002 

mg. 

I.Q. 



0.01 

mg. 

1. Q. 

+ 

11 

923 yia. 

0. 0003 
mg. 

1. Q. 

+ 


0.01 

mg. 

1. Q. 


12 

$G yrs. 

0.0002 

mg. 

I. Q. 



0.01 

mg. 

I. Q. 


13 

9 31 yra. 

0.0002 

mg. 

I.Q. 

+ 


0.01 

mg. 

I.Q. 

+ 


$36 yrs. 

0.0002 

mg. 

I.Q. 

4- 


0.01 

mg. 

T.Q. 

+ 


949 yrs. 

0.0002 

mg. 

I. Q. 

+ 


0.01 

mg. 

I. Q. 

+ 


$ 30 yrs. 

0.0002 

mg. 

I. Q. 

+ 


0.01 

mg. 

1. Q. 

+ 


$39 yrs. 

0.0002 

mg. 

X. Q. 

+ 


0.01 

mg. 

I.Q. 

+ 


*Ijitracutaneously. 

t + =: Erytliema and induration 2 cm or more In diameter. 
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Table V 


Pkotectiox Experiments in Tubeuculai: Guinea Pigs With Tubercolae-Tkeated, Tubek- 
culak-Nontreated, and Non-Tubekcuuvk Subjects’ Seruai 


ANIMAL 

SEKl'M 

amount 

AND 

ROUTE 

TIME 

OP 

INJEC- 

TION 

LETHAL DOSE 
AND ROUTE 

TIME OF 

INJEC- 

TION 

RESULTS 

TIME 

Buff 

Treated Tb. - 

2 c.e. 
I.V.* 

9 .V.M. 

20 lug. in 2 c.c. 
I.P.t 

10 A.M. 

Killed 

4S hrs. 

Black 

Treated Tb. -i- 

2 e.c. 
I.V. 

9 A.M. 

20 mg. in 2 c.c. 

I.P. 

10 A.M. 

Killed 

4S hrs. 

Red and tniite 

Treated Tb. + 

2 c.e. 

I.V. 

9 A.AI. 

20 mg. in 2 c.e. 
I.P. 

10 A.M. 

Died 

16 hrs. 

tVIute 

Xon-Treated 
+ + Tb. 

2 c.c. 
I.V. 

9 A.M. 

20 mg. in 2 c.c. 
I.P. 

10 A.AI. 

Killed 

4S hrs. 

Brindle 

Non-Treatod 
+ -I Tb. 

2 c.e. 
I.V. 

9 A.M. 

20 mg. in 2 c.c. 
I.P. 

10 A.M. 

Died 

12 hrs. 

Brindle and 
Black 

Xon-Treated 
-f-f Tb. 

2 c.c. 
I.V; 

9 .V.M. 

20 mg. in 2 e.c. 
I.P. 

10 A.AI. 

Died 

4S iirs. 

Black ami 

AYliite 

Xon-Tb. +-f-r 

2 c.c. 
I.V. 

9 A.AI. 

20 mg. in 2 e.c. 
I.P. 

10 A.AI. 

Died 

11 lirf. 

Brown and 
tVliite 

Xon-Tb. -I -I 

2 c.c. 
I.V. 

9 -\.M. 

20 mg. in 2 c.c. 
I.P. 

10 A.AI. 

Died 

15 hrs. 

Brown and Buff 

^OU'Tb. -r 4* "T 

2 e.c. 
I.V. 

9 .\.M. 

20 mg. in 2 c.c.; 
LP. ! 

10 A.AI. 

Died 

20 hrs. 


+ Tubercular patients having received 12 weekly injections of the carbohydrate fraction 
in doses of 0.01 mg. to 0.1 rag. 

+ + Tubercular patients having received no injections. 

+ + + Nontubercular individuals. 

•I.V. Intravenous. 

tintrapleural. 

pliase of the ivork ivill be possible only, ivheii present chemical, animal, and 
human investigations are completed. 

As ivas mentioned previously, there follows after each injection of tins 
material (providing a positive skin reaction, delayed type) a change in tin 
differential blood picture, characterized by a rise in lymphocytes and fall ni 
monocj'tes with a concomitant shift to the I’ight hi the Schilling mdex. We liaie 
purposely not included tables or eliarts concerning these changes, because a 
larger gi-oup of tubercular and nontubercular subjects, along with aniina 
exiierimentation, is presentlj' going on in an attempt to establish a definite coi- 
relation between the subject's present disease status and (1) the hematologic, 
(2) the serologic, and (3) the sldn reactions following intracutaneous injections 
of the carbohydrate material. It is nevertheless possible for us to state at 
this time that in instances where there has been an antibody response to in- 
jections of this fraction m tubercular individuals, such a response has always 
been preceded by a change m the lympliocytic cells as mentioned above, t 
latter observation is in keeping with the recent report of Ehrieh and Haiirs. 
The changes produced in the differential lilood picture during the coiu’se ot 
injections with this carbohydrate fraction varied greatly in their duration 
from subject to subject. Some blood changes ivere seen to iiersist only diiiui- 
the height of the local reaction; others continued for two to three days attei 
the local reaction had subsided. We have not, as yet, made any correlation on 
this aspect of the problem other than to associate it with the extent of disease 
in the individual ease. 
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DISCUSSION 

III reviewiii!' the iitcratiu'e pertaiiiiiisf to tlio leiicoeytio Ijlood pieture in 
tuberculosis, there is an luuiuestioiiable relationship between the Ijnnphocytic- 
nionoeytie ratio aiul clinical status of the patient. From observations made on 
this subject, an increase in tlie number of lyiiipliDc.vtie cells and a corresponding 
fall in monocytes present a lilood pielure which in the large maj'ority of instances 
has been closely related to the clinical imiirovement of the patient. From our 
own studies with the iioly.sarcharide fraction we have found the afore-mentioned 
observations to liold true in almost all of our ca.se.s. M'hile we do not have, as 
yet, any data on hand to explain the mcelumisni b.v which this polysaccharide 
fraction influences the lymiihoeytic tissue, or to a.ssiKn any definite role to the 
lymphocyte in tuberculosis, we wisli to (piote the recent work of Ehrieh and 
Harris.^ Although the antigens u.sed in their work (tyjihoid vaccine and sheep 
ciy tliroey tes J are dilforent from the one itsed in our own experiments, the 
mechanism of resjionse in both ni.slance.s is strikingl.v .similar. They write in 
conclusion: “Antibodies began to appear in the efferent lymph 2 to 4 days 
after inj'ections of the antigen and reached their higlic.st litre after 6 days. 
This was preceded by a shar|i rise in the output of lymphocytes through the 
efferent lymph, while iii the lymiili nodes there was lymphatic hyperplasia 
after iiroliminaiy infiltration of granuloeyles and monocytes. The fact that 
the tissue rcsiionso aecomiianying the forniafion of antibodies was chiefly a 
lymphocytic one jioints to the latter as a factor in the formation of antibodies.” 

In our own studies in huinaii lieiiigs we have corroborated the latter 
observation, .since a ri.se in lymphocytes has alwa.ws preceded Die demonstration 
of any antibodies. Our teeliniqiic consists of weekly injections of the dosage 
found nece.ssary to elicit skin reactivity: i.e., iisiiall.v from 0.001 mg. to 0.1 mg., 
dependent upon tiie c.vtoiit of disea.se in the iiidividiuil patient. Tlio primary 
respon.se seen in tiie blood lias alwa.vs been a iympliocytio one. The earliest 
antibody appearanee in any of oiir eases was after 12 weekly injections of 
doses ranging from 0,01 mg. to 0 2 mg. Our increment of dosage is guided 
by tile persistence of tiie skin reaction; that is, tlic increment is increased 
only after cessation of skin reactivity to the pro.sent dose. E.xperiments have 
already been mentioned eoncerning the antibody response. 

At present we have no e.xperimeiital evidence of the role played in 
tuberculosis by eitlier Die antibody or the lyiiiplioeytc stimulated by injeetions 
of our polysaccharide fraction. Krause, in his essay “The Evolution of the 
Tubercle,” writes, “In tlie elementary tubercle of ordinary o.xperiment Diere 
e.xists besides the epitlielioid cell, the l.vmphocyto, which in this location does 
not eliaiigc its morphologi.cal eharaetcr.” FurDiermoro, tlie observations of 
JIa.ximow“ and Gerard' on ti.ssue ciillure growtlis conclude that the lymphocyte 
is a transitional cell and enters into the inechaiii.sm of tissue repair. 

IVliile tlie above observations are inleresting and altliougli we ha%'e made 
our own notations along this line, we do not mean to place the entire respon- 
sibility of repair in tiilierculosis upon the lyiiiphorytic tissue or upon file anti- 
liodics wliicli migjit arise therefrom; we do, however, feci that the work done 
thus far on lympliocytic ti.ssue by various workers should not ho entirely cast 
aside, until further experimental evidence has been preseiUed. 
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CONCLUSIONS 

1. A protein-free polj'saceliaride fraction lias been isolated from aqueous 
extracts of the tubercle bacillus that is innocuous in the amounts used in 
tuberculous and nontuberculous human beings. 

2. Hematologic studies of people receiving intracutaneous injections of this 
polysaccharide indicate a definite trend in the lymphocytic-monocytic ratio, 
characterized by an increase in lymphocytes and a decrease in monocytes, 
with an accompanying shift in the Schilling index to the mature type of neutro- 
philic cell. 

3. Patients having received at least 12 weekly injections of this carbo- 
hydrate fraction develop antibodies of an homologous type. 

4. The antibodies formed in tubercular patients as a result of the above 
injections are capable of protecting guinea pigs ■ttuth generalized tuberculosis 
from succumbing to lethal doses of the polysaeelu'ide fraction. 

5. No noteworthy change in the lymphocjdic-monocytic ratio is observed 
unless there is an accompanying positive skin test of the type mentioned m 
Table I. 

6. The sera of some tubercular patients who have not received injections 
of the carbohydrate material and who have shown definite clinical improve- 
ment wifi, protect guinea pigs with generalized tuberculosis against lethal doses 
of the carbohydrate fraction. 

7. The sera of nontubereular humans thus far observed will not protect 
animals against the lethal dose of the fimction, unless the individual has elicited 
a typical local reaction. 

8. The appearance and duration of the local reaction is related to the 
extent of disease. 

9. Demonstrable antibodies have alwaj’s been preceded by a rise in the per- 
centage of lymphocytes following injections of the polysaccharide fraction. 

10. The skin reaction produced bj' the polysaccharide fraction used in the 
above experiments differs in (1) time of appearance, and (2) duration, from 
the protein fractions used in I'outine clinical testing. 

11. In no instance during the course of the above injections has there been 
noted any febrile reactions or local necrosis in the amounts used. 

12. A group of nontubereular individuals are presented; thej'^ were teste 
with the protein fraction P.P.D. and the polysaccharide fraction used in the 
present experiment. 
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CHLOROPHYLL: AN BXPERIXIEN'i’AL STUDY OF ITS 
WATER-SOLUBLE DERIVATWES* 


IV. Tjie Ei-I'-ect oe Water-Soluble Chloeopiivll Derivatives and Other 
Agents Upon the Growth of Fibroblasts in Tissue Culture 


Lawrence W. Smith, jM.D., Pihladelphu, Pa. 
With the A&sistance op JLichteld E. Sano, M.D. 


T he problem of woumi he,iling is one whieli has been intenuittentlj- the 
object of intensive clinical investigation over the years because of its 
obvious importance not only in ordinary civilian practice but especially in 
wartime. More recently, laboratory methods have been utilized more and more 
in the seareli for a satisfactory answer to the question. Tissue culture tech- 
nique has been found to lend itself particularly well to the testing of various 
.agents for their growth-stimulating effects. By this procedure standard cul- 
tures of cells can be grown under uniform conditions, very much as feeding 
experiments are made use of in studying and assaying vitamin requirements 
and content of foods. Similarly, single agents in varying concentrations can 
be added to the basic oulturo medium, aiicl an exact quantitative measurement 
of their effect on cell growth determined. 

Because of the almost regular response elinically of longstanding chronic 
ulcerative lesions to the application of chlorophyll with the formation of 
healthy granulation tissue and subsequent epithelization, as reported by 
Boehringer,' Buorgi,^ Grushin,^ and othci'S, it was decided to study the effect 
of chlorophyll on the groirth of fibroblasts in tissue culture to detei'inine if 
possible whether this agent, as claimed, actually po.ssessed any growth-stimu- 
lating properties. Y’'arious control experiments were carried out simultane- 
ously, using other substances currently in use or under investigation in respect 
to the whole problem of wound healing. The preparation used in these studies 
consisted of medicinally purified water-soluble derivatives of chlorophyll, t 
in the main, a saponified metal complex, presumably sodium copper chloro- 
phyllin. This we had found from experience to be more satisfactory than the 
oil-soluble derivatives with which apparently Bochringer and Buergi worked. 

The following agents were employed in this study, all except the “ulti-a- 
filtrate” in aqueous solution; 

1. Chlorophyll,! 0.2 per cent 

2. Castilian malva§ infusion made by steeping 10 Gni. of 

•From the Department of Pathology, Temple University School of Medicine 
Attleii by a Grant from the Committee on ThcmpeuHc Research of the Council on 
Pharmacy and Chemistry, of the American Medical Association. CJiicaffo. III. 
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tWherever the term “clilorophyll" is used in these studies, the water-soluble derivatives 
arc meant, tlie tenn •'chlorophyll” being used solely for the sake of bievity. 

fTlie anucous soluble clilorophyll preparation was generously supplied by the Rystan 
Company of New York, solo appointee of the Dakcland Foundation. Chicago, in accordancb 
with the regulations of the Federal Food, Drug, and Cosmetic Act regardins cxperiroental 
therapeutic products. 

§The Castilian malva was generously supplied by the Upjohn Company of Kalamazoo, 
Mich., in accordance with Uie regulations of the Federal Food. Drug, and Cosmetic Act 
Jegarding experimental therapeutic products. 
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powdered leaves in 100 c.c. of distilled water for one hour, 
filtering and autoclaving. 

3. Methionine (Merck) 0.01 per cent 

4. Sulfanilamide (Jlerck) 1 per cent 

5. Ascorbic acid 0.01 iDer cent (Merck) 

6. Brewer’s yeast extract (B complex) 0,025 per cent (hlcad) 

7. Simms’ “ultrafiltrate”* 


PROCEDURE 

The technique employed is essentially that successfully used by us for the 
past ten or twelve years in tissue culture studies.'' Especially designed thin 0.5 
cm. Pyrex glass or aluminum rings with an inside diameter of 4 cm. are mounted 
sterilely on a cover glass by the use of paraffin. The medium is then added to 
this chamber, the tissue fragments fixed in position, and the chamber sealed by 
another sterile cover slip. This entire chamber is then placed within a sterile 
Petri di.sh and incubated in the usual manner. By this technique we have an 
easily accessible means of washing our cultures and replenishing the medium. 
It furthermore gives us a large, flat surface area for microscopic examination 
and photography of the culture and permits the use of a relatively large num- 
ber of individual explants under identical conditions, a matter of considerable 
importance in the statistical evaluation of such studies as these, in which in- 
dividual variation in the behavior of colonies is so prone to occur. 

The basic medium used has been a Tyrode-plasma-tissue extract combina- 
tion in the proportions of 4-4-2 parts respectively. The Tyrode solution is the 
usual standard salt mixture ; the plasma has been obtained from chickens and 
heparinized in the proportion of 1 mg. to each 5 c.c. of plasma ; as a matter of 
convenience maternal mouse spleen has been used for the tissue extract. After 
much preliminary and comparative study of tissues from various animals as 
well as human biopsy material as a source of fibroblasts, the embryonic mouse 
heart was selected as the test tissue. This possessed the adAmntage of uniffirm- 
ity for comparative purposes, and likcivise ivas almost constantly available 
from our breeding colony. 

The embryonic mouse heart was minced into small fragments 3 to 4 mm. 
in diameter and thoroughly washed twice in normal salt solution to remoie 
any adherent tissue extract which might act as a growth stimulant. The fiag- 
ments Avere planted in the medium, their identity duly recorded on the coiei 
slip, and their measurement taken. Five to ten fragments Avere thus inocula e 
into each culture dish. Readings Avere made routinely each tAventy-four hoius, 
and the groAvth in millimeters from the edge of the original tissue mass A\as 
recorded. 

Approximately fiAm hundred tissue cultures Avere groAvn, aAmraging fifty to 
sixty for each set of experiments. Variations in the concentration of the => 
or substance under iiwestigation Aimre made in an attempt to see Avhether m 
Avas any optimal eoneentration in any instance. In general, it may be sai^ 
that there Avas Amry little difference in the rate of cell groAvth Avithm vu 

•Courtesy of Dr. H. H. Simms, Columbia University. College oC Physicians and Surgeon- 
New York, N. Y. 
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limits of such concentration. Too great an excess did seem to exert a definite' 
inhibitory elfect. Tlii.s might best be explained perhaps on a physical rather 
than a chemical basis. 

Certain technical difileiilties were encountered from time to time. A small 
proportion of the enltures (5 per cent) failed to grow at all. These were 
simply disregarded in the com})Utations, as the niimbej’ of such nonviable 
colonies was about tlie .same in the several groups. The cliloropliyll exerted a 
definite and fairly quantitative inhibitory etfect upon the plasma-clotting 
meehani.sm** which vitiated one entire set of cultures. It was found for this 
reason that eoncentratioiLs of over 0.2 per cent chlorophyll could not be used 
successfully with this particular technique, but that the typical optimal growth 
response was obtained with this concentration. 

The Castilian malva offered a special problem, as in the initial experiments 
the great majority of cultures became contaminated with a mold in spite of 
the fact that the infusion had been filtered through cotton and autoclaved 
before using. AVe had to i^esort to fractional sterilization to overcome this 
dilHculty. AVith this exception, contamination was negligible, less than 1 per 
cent, and such cultures were discarded from the final computations. 

Every effort has boon taken to make these readings as objective and criti- 
cal as possible, the measurements being checked by two observers for the most 
part and frequently ^Yithout prior knowledge as to wl\ieh agent was being used. 

DISCUSSION 

The results obtained in these experiments are summarized in Table I. It 
seems possible to draw certain definite conclusions from an analysis of these 
figures. They likewise i)rovoke inueh of speculative interest. There seems to be 
little piuitosc ill discussing in detail the individual experiments from which this 
report has been assembled. To those who are interested in tlie “toil, tears, and 
sweat” which are involved in sucli tissue culture studies, the original records arc 
all available. To those wliose interest lie-s jirimarily in the possible practical 
application of sucli studies to tlie clinical probiciiLs of wound repair, such individ- 
ual protocols would have but little significance. 

Nevertheless, there arc certain asjicets of these studies wliich might be dis- 
cussed briefly. In tlie fir.sl place, it is well to emphasize the quantitative nature 
of these studies. AVere it not for the relatively great numhors, their interpreta- 
tion might very justly be open to erilieism. In almost every group there have 
been individual colonies witliiii a single culture which have temperamentally 
v’aried greatly in tiicir rale of growth from their fellows, cither lagging or step- 
ping up their cell divi.sion to an excessive rate. It is hard to e.xplaiu satis- 
factorily such behavior. AVe believe tliat tlie laggards i)robab]y represent tis- 
sues which liave been unduly traumatized in handling; and that the more 
aggressive colonies retain some of the growth-stimulating factors normally 
present in injured tissues through surface adsorption or inadequate washing 
in saline lieforc iilantiiig. Sucli an hypothesis is more or less substantiated by 
actually macerating cells liefore explantation, witJi resultant failure of growth 

•-Vs a &Ulc issue, this eftect upon clotting was stutlicd on .several -samples of blood, .mil 
It was found that clotting could be del.ajed or actually inhibited by tJie addition of chlorophyll 
m concentrations of 1 :200 to 1:50 to blood sample.*; .as drd%\n hypodernneally foi clotting turn- 
This might be fuitlior explored as a pos.sib|p substitute for heparin or dicouniann therapy in 
surgery. 
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on culture or the addition of supplemental tissue extract to a control culture 
with corresponding accelerated and more profuse growth. 

It Avill be noted from an examination of the table that the substances 
studied fall into three groups insofar as their initial effect on cell grorvth in 
tissue culture is concerned. The growth of cultures to which either vitamin B 
or C was added did not appreciably differ from the control cultures. The ad- 
dition of sulfanilamide definitely slorved down the rate of growth, and this 
effect persisted throughout the period of observation. In the third group we 
find that all four agents studied gave evidence of having a certain, comparable 
stimulating effect upon cell growth dui’ing the first tiventy-four hours. Even 
in this group, however, the chlorophyll effect stands out as being significantly 
greater than that of any of the other three substances. It is of particular 
interest to note that this initial effect is sustained throughout the duration of 
the experiments in the ease of the chlorophyll, rvhereas it drops off ivithin forty- 
eight to seventy-two hours in those cultures to which the methionine, Castilian 
malva, and Simms’ ultrafiltrate had been added, and the subsequent growth 
more or less parallels that of the control cultures. This same stimulating effect 
of chlorophyll upon fibroblastic proliferation in tissue culture has been ob- 
served by Dunham.^ 


Table I 

Average Growth op Fibroblasts Expressed in Millimeters 



24 HRS. 

48 HRS. 

72 IIRS. 

96 HRS. 


Control 

10.8 

37.4 

67.8 

99.3 

132.5 

Vitamin B 

11.3 

44.1 


98.7 

129.8 

Vitamin C 

(Ascorbic Acid) 

10.6 

38.6 

59.4 

91.3 

123.7 

Suifanilamide 

5.3 

18.3 

31.7 

48.8 

63.4 

Ultrafiltrate 

23.2 

44.1 

69.3 

86.4 

95.6 

Methionine 

22.8 

23.2 

72.5 

87.5 

130.0 

Castilian Malva 

22.7 

40.5 

63.5 

85.8 

126.4 

Chlorophyll 

(Aqueous Solution) 

27.4 

54.3 

88.9 

120.4 

148.6 


These studies have likewise emphasized the necessity of replenishing the 
supplementary stimulating agent in the medium in order to maintain the rate 
of growth of the culture. The practical application of this observation to the 
clinical use of such preparations is self-apparent. The control culture grows 
at an average rate of approximately 31 mm. per twenty-four hours after an 
initial lag period of six to eighteen hours. The same picture is noted in those 
cultures to ■which vitamin B complex or ascorbic acid is added. There is the 
same relatively prolonged lag period, followed by a steady, continuous growth 
apparently uninfluenced by these agents. On the other hand, the sulfanilami e 
appears to maintain a continuous depressant effect over a period of at least 
one week, following a single dose added initially to the medium, unless e 
dilution is extremely high (1:5000). In the latter case no abnormality in t e 
growth curve develops as compared to the control. An almost conipaia 
retardation in the rate of growth occurs at Avhatever point during the 
five days that the sulfa drug is added. 

•UnpuWisliea Data; Dunham, "W. B., New 'Yorl^ Post-Giaduate Hospital, New York, N. 
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In the ease of tiie Castilian malva, the Simms’ iiltrafiltrate, and the me-- 
thionine, the initial stepping up of the growth curve is followed by a retarda- 
tion in the rate of growth of the culture, and sul)seqiient replenishment of the 
medium Avith these agents produces only a slight and temporary additional 
stimulating effect. 

AVith the addition of as little as 0.05 per cent of chlorophyll to the culture 
medium at the time of its inoculation, there is a sharp reduction in the lag 
period. AVell-defined growth can be demonstrated regularly within six to eight 
hours, and not infrequently migration of cells occurs witliin tAvo to four lioiuvs. 
This acceleration of iihrohJastic proliferation tends to rcaeli its peak Arifhin 
thirty-six to forty-eight hours, folloAving Avhich the groAvtIi curve begins to 
llatten out. By replenishing the ehloroidiyll every forty-eight hours, hoAvever, 
the initial 24-hour lead of nearly 40 2 )er cent greater growth is maintained, 
Avith a step-like curve. If, hoAvever, the culture is not replenished Avith chloro- 
phyll by the end of the forty-eight-hour period, tlien the curve of groAvtIi sIoav.s 
doAvn so that by the end of five to ten days it, too, parallels the control culture. 

The nature of this biologic response of the fibroblast to the presence of 
chlorophyll is most ohscure. Whether it is the pigment molecule as a Avhole or 
some individual component part of it which is the effective agent remains 
undisclosed. AVhether the cldorophyli acts directly or indirectly as a catalyst 
or through some photosyiitlictic mechanism is but one of tlic problems Avhicli 
this study provokes and Avhich aAA’ait a solution at some time in tlic future. 

Those tissue culture studies tend to support the clinical obserA’ations of 
Buergi, Gntskin,* and others as to the apparc22t g2’OAVth-stin)nlating effect of 
clilorophyll upon fibroblasts. The clinical implications in regard to its possible 
therapeutic value in the repair of Avounds arc obvious. Even in ordinary opera- 
tive procedures it might Avell ha\'C a place througli the elimination or reduction 
of the usual lag period before repair begins. In chronic indolent lesions such as 
anemic (varicose) ulcers and other chronic infections, especially those associated 
Avith a reduced blood supply, the use of such Avatcr-solublc chlorophyll prepara- 
tions Avould seem to be thoroughly justified. Again, in the older patient, Avhose 
healing processes normally are liotoriously retarded, chlorophyll AA'ould seem to 
offer a possible step fonvard in the treatment of tlic 2j2ultiti2di220iis surface lesions 
Avith Avhich he seems particularly to be afflicted. 

suinnvRY 

1. The behavior of fibroblasts in tissue culture subjected to tlie action of 
A'arious agents including vitamin B comifiex, vitamin C, sulfanilamide, Castilian 
malva, methionine, Simms’ serum ultrafiltrate, and an aqueous soluble eliloro- 
phyll preparation is reported. 

2. Vitamin B complex and A'ilamin C cause no change in the rate of growth 
of fibroblasts under the conditions of these experiments. 

3. Sulfa 2 i 2 la 2 nide in concentrations of inoro thaii I;5000 sliow a defiijite re- 
tarding effect upon such cell groAvth. 

4. Castilian mah’a, methionine, and Simms’ ultrafiltrate cause a prompt but 
temporaiy increase in the rate of growth during the first tAventy-foiir to forty- 
eight hours, followed by a leveling off of the cuiwc to approximate the control. 


•Loc. cit 
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5. Chlorophyll in concentrations of 0.05 per cent to 0.5 per cent, when added 
to comparable tissue cultures of embryonic fibroblasts, causes an almost immedi- 
ate growth response with elimination of the usual six- to eighteen-hour lag period. 

6. This grorvth-stimulating effect can be maintained by replenishing tlie 
medium with chlorophyll every forty-eight hours. 

7. A discussion of the possible clinical application of this biologic reaction 
to the problem of worrnd healing, both traumatic and thermal, is presented. 
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TRAUMATIC AUTOGRAFT OP SPLENIC TISSUE IN THE BODY 

WALL' 


A. .1. Gill, M.D.,t Hkmi-iiis, Th.nx. 


T here liave been a few reports in tlie literature of implants of splenic tissue 
over peritoneum luul omentuin «s a result of traumatic ruiJture of the si^leen. 
Tlie usual sequence of events is: traumatic rupture of the spleen, splenectomy, 
and, often years later, observation of the abdoniinal cavity at operation or 
autopsy, at wliieli time multiple small nodules of splenic tissue are found 
studded over the peritoneal surfaces and omentum. At least 82 such trans- 
plants in one patient are mentioned by Shaw and Shafi,^^ about 75 in a case of 
Hamrick and Bush,’* and 200 to 300 nodules in a case described bj’- Lee.’. The 
.small imi)lants vary from microscopic size to as large as 2 cm. in diameter and 
are usually sessile growths, but may be pedunculated. 

i\rost of the implants which have been described are superficial peritoneal 
masses, but in the case of Sliaw and Shafi, one microscopic implant was noted 
in tile wall of the gall bladder, one in the upper portion of the left ureter (a 
left nephrectomy appears to have been performed on tlie patient at the time of 
the splenectomy), and one was imbedded in the liver. It is presumed that this 
last nodule was a graft wliicli developed in a laceration of the liver which oc- 
curred at the time of the original injury. One macroscopic pleural implant 
was also noted on the lateral asjiect of the centrum of the eighth dorsal vertebra. 
The authors did not demonstrate a scar in the diapliragm, but believed that 
there must have been a small tear to account for this implant. 

Tliat this condition is not often .seen is probably due to a combination of 
factors. Especially important is tlie infrequent survival of persons who suffer 
traumatic rupture of spleen (as mentioned by Hamrick and Bush® and the 
probability tliat relatively few of tliose who do survive the injuiy and splenec- 
tomy ever come to subsequent operation or autop.sy so that the peritoneal cavity 
can he examined. 

From consideration of experimental work, as well as case reports, it seems 
probable that splenic implants may be the rule rather than the exception in 
cases of traumatic rupture of tlie spleen. Several factors may influence the 
likelihood of implant, however. It is suggested by Hamrick and Bush that 
youth may be an important factor. They note that the cases where data are 
available have suffered tiie original trauma at an average age of sliglitly more 
than nine years. 

It is possible that youthfuliiess of splenic tissue is an important factor in 
viability of this tissue for autografts, but it should be kept in mind that trau- 
matic, subcutaneous rupture of nonnal spleen occurs most frequently in child- 
hood, and this may account in part for the greater frequency of the plicnomcnon 

•From the Depaitment of Pathology. University of Tennessee. 
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in cliilclreii. It is noted, in different series that incidence of splenic rupture varies 
from 30 to 43.8 per cent for the age group 0 to 10 yearsd" In animals and iu 
man, the spleen tends to become somewhat atrophic in old age, and this may 
have some effect on the probability'' of implant in older age gi’oups. It has 
been observed in rabbits that autoga’afts of spleen are, on the whole, more suc- 
cessful in young animals.® 

Other factors which may influence the likelihood of implantation are by no 
means clear. In their review, Jarcho and Andersen® reported two cases, dis- 
cussed twelve other cases, and examined certain of the older theories suggested 
to account for the presence of many' splenic nodules over the peritoneum after 
recovery from traumatic rupture of the spleen. One of the most interesting 
of the older ideas is the “splenoid” theory', largely accredited to Von Stuben- 
raueh. According to this theory', removal of the spleen causes the formation 
of nodules of tissue resembling spleen by' differentiation of previously undif- 
ferentiated cells of the peritoneum. Another theory' suggested that the nodules 
represent splenic aulagen which are stimulated to undergo compensatory hyper- 
plasia as a result of splenectomy'. 

It should be mentioned that one or more accessoiy spleens are frequent. 
It has been suggested that they account for the multiple splenic nodules after 
splenectomy' following traumatic rupture. Accessory spleens, however, occur 
characteristically' in the region of the splenic bed and are never widespread as 
in the ease of traumatic implants. Shaw and Shafi, and others, have pointed 
out that the distribution of splenic implants over the peritoneum, diaphragm, 
omentum, and in the pelvis is like that observed in implants seen in intra- 
abdominal malignancy' where scattering of viable tumor tissue is presumed. 
Also, the fact that implants ai’e observed only' iu cases where the spleen is re- 
moved for traumatic ruptiu'e, and never after removal of the intact spleen, is 
good evidence that the nodules observed are autografts of the ruptured spleen. 

At this time there can be no doubt that traumatic rupture of the spleen can 
result in wide distribution of fragments of siilenic tissue whieh may persist as 
implants over the peritoneum for many' years. It would be reasonable to sup- 
pose that these autoga-afts, which resemble normal spleen, might be capable o 
reacting to disease as does intact spleen. It is the purpose of this paper to 
describe a case which has two features of special interest. First, it is an ex 
ample of traumatic transplantation of splenic tissue into the soft tissue of the 
body' wall rather than the usual peidtoueal location, and, second, the imp nn 
after liamag been present for a considerable length of time, suddenly' began 
enlarge in what may' have been a response to a malarial infection. 

CASE REPORT 

In August, 1910, J. H. M., colored male, about 52 years of age, was shot 
lower portion of tlie left chest. Tlie bullet passed through the left lower thoracic wa 
an anterior-posterior direction and fractured the ninth and tenth ribs in the posterior a 
line as it passed through the chest wall. There was considerable hemorrhage from the wo 
of entrance and exit, but never any hemoptysis or positive x-ray evidence of hemo 
pneumothorax, or pneumoperitoneum. Note is made, however, that breath sounds nere 
audible over the left lower chest. Study of x-rays made at this time reveal no visible c a^^^ 
in the diaphragm which might be construed as evidence of injury. The patient was 
charged from the hospital after six days, without operative treatment. 
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lu December, 1941, tlie patient again appeared at the hospital \utli a chief complaint 
of “vomiting blooil and pain in stomach.^ Three weehs before the date of this admission 
he «as kicked by a mule o^cr tlic left eOi,tal margin, anteriorly. He immediately ^o^nited 
blood-streaked material. He was not incapacitated, liowmer, and worked until one day 
prior to admission. On this day he lifted a heavy weight and experienced a teaiing seusu- 
tiou in his abdomen follnued by roimiant pain and fiequent vomiting of blood-strraked 
vomitu.s. 

Pliysical e.xamination revealed absence of breath sounds on the left side below the 
fourth interspace and a tympanitic percussion note over the left lower chest. X-ray exam- 
ination (after introduction of stomach tube) revealed a large diaphragmatic hernia on the 
left nith herniation of the stomach op to level of the second interspace. Fracture of tlio 
tenth nb in the posterior axillary line with considerable displacement of the fragnients was 
also mentioned. Tlie fracture corresponded to that described in August, 1040. as a result 
of the bullet wound. The ninth rib was well healed, but there had been almost no change 
in the tenth rib. 

The patient uas operated upon, and a large rent in the loft jiosteiior diapliragm was 
repaired. The left chest contained transverse colon, two-thirds of the stomach, and the 
spleen. It is stated in the operative note that the spleen was adherent to the diaphragm 
and posterior aspect of the parietal pleura near tlic vertebral column and had to be remo^ed 
before the hernia could be repaired. Person.al communication from the surgeon, and a study 
of the surgepn’s notes indicated that the entire spleen «as removed and seemed to be mtuct. 
althougli the upper portion was firmly adherent to the diaphragm and posterior portion of 
the pleura as mentioned abore. The surgeon also stated that the spleen was of average size 
and shape, but that there wore many dense, white, somewhat depressed scars across the organ 
ns if lacerations had occurred in the past. After a stoimy recovery, he was discharged m 
good condition, on the twenty-third postoperative day. At tlie time of tliis admission a 
note was made that a small, tender swelling was present m the chest wall at the level of 
the ninth or tenth rib in the posterior axillary lino. This nodule a2?peared to be in the 
scar of tho bullet wound which was received in August, 3940, 

The last admisMOn wa.«! on Sept. 15, 1942, at wliieli time tin* patient complained ot 
soreness and gradual increase in size, during the past three or four weeks, of the small mass 
in the left posterior axillary line which had been noted on the previous adnassion. He also 
complained of vague paresthesias along the lower portion of the left chest extending ante- 
riorly to the epigastric region. 

Physical examination revealed a firm, ovoid mass about the .'*jze of a hen’s egg at the 
level of the tenth nb in the posterior a.\iUary lino. X-ray of the area revealed nonunion 
of the rib at the site of tlie old injuiy and little change in tlie fragments since the time 
of the original fracture m August, 3940. Clinical opiuiou was divided as to whether the* 
condition was that of osteomyelitis or in.aligaant or benign neoplasm. 

Laboratory findings on this last admission were: hemoglobin, 13.S Gm.; red blood 
cells, 4,450,000; white blood cells, 9,800. The differential count was not remarkable. 

Upon the day of admission to the hospital, Sept, lo, 1942, the patient had a sudden 
rise in temperature to 104“ F. and a hard chill at 4 p.m. Tho tcmpcratuie rapidly fell after 
the chill and remaiued normal or slightly subnormal all the following day. On Sept. 17, 
1942, at 4 P.M. the temperature again lose aboi'e 103“ F., and another liard chill was experi- 
enced. On this day malarial parasites weie demonstrated in the peripheral blood. Tertian 
ring forms and garaetocytes were desciibed. Quinine .sulfate was immediately started, and 
temperature remained normal until the day of operation, Oct. 8, 3942. Questioning of 
patient elicited the statement that he had an episode thought to be malaria about ten to 
twelve years ago, but had no chills or fever in recent years and none immediately before 
admission to hospital. 

On Oct. 8, 1942, the tumor mass was excised with a jHirtion of the tenth nb. The rib 
appeared to be surrounded by the tumor which was described as “soft tumor mass protruding 
around the rib and in the soft tissues of the elicst wall.” 

During the operation, the pleural cavity was entered, the diaphragm was accidently 
penetrated, and the peiitoneal cavity exposed; but the opening was small and no obseivations 
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on the peritoneum were made. The opening in the diapliragm was sutured and the wound 
was closed. 

Postoperative course was not remarkable except for moderate elevation of temperature 
which began the day of operation and persisted for nine days. A single exception to the 
above was a chill with temperature of 104° the second postoperative day. The patient was 
discharged in good condition, Oct. 24, 1942. 

Pathologic Examination of the Operative Specimen . — The specimen con- 
sisted of a fragment of broken rib with an attached soft tissue mass. The soft 
tissue measured 3x2 cm. in greatest diameters. It did not appear to arise 
from the rib itself but lay between the ends of the fragments and around the 
fracture site. The nodule was well encapsulated. Upon gross examination it 
was described as red, soft, and very friable. 

Microscopic examination of the soft mass revealed well-defined splenic 
tissue. The pulp was not striking in appearance, except for some fibrosis and 
rather conspicuous sinusoids. IMalpighian bodies were numerous and bulky 
with large germinal centers. 

Trabeculae were present in numbers and appearance suggestive of normal 
spleen. The capsule on the surface was not thickened and resembled a normal 
splenic capsule. 

Beneath the capsule in pulp there were two small areas of hemorrhage 
showing early organization and containing a few lymphocjdes. Scattered 
throughout the pulp, for the most part in macrophages, were large quantities 
of brown pigment. All of the pigment was iron-containing, as determined bj 
the ferrocyanide reaction. No noniron-eontaining pig-ment was seen. The 
gross specimen was discarded before photographs or sections of the bone at the 
fracture site could be made. 

Discnssio-n . — The evidence seems to justify the assumption that this is a 
case of traumatic implantation of splenic tissue in the ehest wall at the costo- 
phrenic angle. 

It seems probable that the bullet in August, 1940, tore through the upper 
portion of the spleen, lower lateral portion of the left diaphragm at the costo- 
phrenic angle, and then passed through the body wall, fractiu-ing the nin 
and tenth ribs. In its passage, the bullet may have carried a fragment o 
splenic tissue through the extreme lower lateral portion of the diaphragm near 
the attachment to the chest wall and left it lying between the fractured ends o 
the tenth rib in the body wall where it iiersisted as an autoplastic ti'ansplant, 
perhaps explaining in part the nonmiion of the fracture. . 

It is possible, of course, that this portion of displaced spleen maiutaiue^ 
some attachment to the main mass of splenic tissue for a time, possibly f 
rent in the diaphragm healed. It may be, too, that small fragments yet leniaiu 
trapped in scarred diaphragm and perhaps in the splenic bed. None 
described in the course of the operation for repair of the diaphragmatic heinWi 
however. 

"While it is not possible to say from either histologic or clinical 
that the implant increased suddenly in size as result of malaria, it is har^^ 
escape this impression in view of the order of development of events. 
probably’ safe to assume that this patient’s malarial inoculation took place n 
less than fourteen days prior to his admission to the hospital. Boyd, Stratman 
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Thomas, and Jlueiicli^ liave pointed out that the gametocytes of Plasmodium 
vivax have not been observed prior to the fourteenth day following inoculation, 
and may be later in appearance. The rather rapid and sudden increase in size 
of the splenic nodule may he significant. Coggeshall* has sllo^vn that the rate 
of the spleen increase after the first intravenous injection of Plasmodium know- 
Icsi in monkeys followed a straight line until twcntj’'-four hours before death. 
A much greater and more rapidl3' developing splenomegaly was noted in ani- 
mals in which a chronic infection existed. Such animals, when injected witli 
large numbers of homologous parasites, showed a rapid increase in size of the 
spleen as compared with primary infections, followed, however, by a fairly 
rapid decrease. It is not at all unlikel}’ that the patient in the case described 
in this paper had chronic malaria. 

In this case it should be noted that the .splenic pulp, capsule, trabeculae, and 
Malpighian bodies appear to be like normal splenic architecture in every re- 
spect. The various reports in the literature differ somewhat in the description 
of the autograft nodules as regards the resemblance to normal spleen. One 
gains the impression, however, that none depart very far from the usual ap- 
pearance. In one of the cases described in the literature” it was noted that, al- 
though the splenic pulp, in implants was easily recognized, it was not consid- 
ered to be identical in detail, and in only two nodules were there stnictures 
which might be an attempt at .splenic coi’pu.scle formation. Lee^ indicated that 
the implants in his case were like normal spleen witli pulp and Malpighian 
bodies. Buchbinder and LipkolP noted a case in which tlie transplants re- 
sembled normal spleen except for paucity of lymph follicles and trabeculae and 
an occasional atypical blood vessel relationship. It may be that the degree of 
similarity of the implants to the normal splenic tissue depends upon the size 
and components of the original implant. If all components of the spleen are 
represented in the implant, one might expect it to duplicate the histologj’ of 
normal spleen. If, on the other hand, only pulp elements in veiy small frag- 
ments are scattered, it would seem jmssible that other structures might be lack- 
ing or scarce in number, although it is believed that reticular cells of splenic 
pulp are capable of differentiation into Malpighian bodies as well as pulp ele- 
ments. In most of the recorded cases there lias been extensive tearing of the 
spleen, with hemorrhage, and, presumably, wide distribution of tiny pulp frag- 
ments over tlie peritoneum. In the case described here, however, a large pos- 
sibly solitary mass is believed to have been displaced Tliat the presence of all 
components of adult spleen in implants is not necessaiy to produce grafts simi- 
lar to normal spleen is suggested b.v work of Calder® on experimental animals. 
He obseiwed that in experimental implants all except a narrow rim of tissue at 
the periphery of the implant becomes necrotic and that the necrotic center is 
then replaced by proliferation of undifferentiated reticular cells which sundve 
at the edge. He feels that most elements of spleen can be derived from these 
cells and that the essential factor in growth of splenic grafts is survival and 
proliferation of reticulum cells. 

The possibilities of experimental subcutaneous autografts of .spleen have 
been explored and appear to offer no serious problems. According to ^Marine 
and Manley® autografts of spleen introduced beneath the subcutaneous fascia 
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of the anterior abdominal wall in rabbits seldom fail to survive. They state, 
however, that although an autograft may survive or even gi’ow slightly, it does 
not show really extensive gi’owth unless the spleen is partially or completely 
removed. Their transplants which grow or survive are said to have all the gen- 
eral characteristics of normal spleen, both as to number of component struc- 
tures and their relationship to each other. It appears that no experiments were 
carried out by them relative to reaction of implants to infection, but they 
noted that in several cases -where animals died of pneumonia, the grafts were 
congested, and in one ease, the transplants were soft, showed increased pulp 
cells; and they suggest that transplants might react to infections as the intact 
spleen does. Perla and Gottesmaid® indicate that in many eases, splenic trans- 
plants in rats react to protect the animals against Bartonella muris anemia. It 
is interesting that typical tubercles were described in several implants by Shaw 
and Shafi as an indication that this common finding in intact spleens is also 
noted in implants. They state, however, that no bilharzial pigment was present 
in implants, although the patient showed infestation. ,(It will be recalled that 
only iron-containing pigment was observed in the case reported in this paper). 

It has been suggested by Morrison, Lederer, and Fradkin° that accessory 
spleens remaining after splenectomy may accoimt for some of the failures of 
operation in certain conditions, such as thrombocytopenic purpura. With this 
in mind, it would seem probable that implants of spleen might also maiiitam 
functional capacity similar to the intact normal spleen, especially when that 
organ has been removed. It is suggested by the case described here that uW' 
laria may^ be capable of causing enlargement in autografts of the spleen. 

Summary and Conclusions . — case is reported of bullet wound through 
loiver left chest at about the level of the tenth rib in the postei’ior axillary lirt. 
About fifteen months later the patient suffered a rapture of the diaphragm ivith 
diaphragmatic hernia; this was repaired about three weeks after the accident. 
At time of repair the apparently intact spleen was found adherent to the lower 
surface of the diaphragm and to the posterior chest wall near the spine, h 
was dissected free and removed to facilitate closure of the rent in the dia 
phragm. About nine months after operation, a small subcutaneous mass in e 
left posterior axillary line, which was known to be present in the sear of 
bullet wound prior to the operation for repair of the diaphragmatic hernia, in 
creased rather rapidly in size and became painful. Shortly after change m 
size was noted, the patient developed typical malaria. Operation revealed a 
mass of characteristic splenic tissue lying in chest -wall between the broken en 
of the tenth rib. Wliile it is not felt that a positive diagnosis of “malaiia 
splenomegaly in the autograft of sjoleen can be made, this possibility is m 
cated. 

REFERENCES 

1. Boyd, M. B., Stratman-Thomas, W. K., and iluencli, H.: The Occurrence of 

of Plasmodium Yivax During the Primary Attack, Am. J. Trop. Med. 1 • 

2. Buehbinder, J. H., and Lipkofle, C. J.: Splenosis: Multiple Peritoneal Splenic In'P' 

Following Abdominal Injury, Surgery 6: 927-933, 1939. Cmwth of 

3. Calder, K. M. : Autoplastic Splenic Grafts: Their Use in the Study of the o 

Splenic Tissue, J. Path. & Baet. 49: 351-361, 1939. 


GILL: traumatic AUTOGRAFT OP SPLKNIC TISSUE 


253 


4. Coggcsliall, L. T.: Splenomegaly in Experimental Monkey Malaria, Am. J, Trop. Med. 
17: 605-G17, 1937. 

u. Hamrick, R, A., and Bush, J. D.: Autoplastic Transplantation of Splenic Tissue, in 
Man, Following Traumatic Rupture of the Spleen, Ann. Surg. 115; 84-92, 1942. 

G. Jarclio, S., and ^Vndersen, D. II.: Traumatic Autotransplantation of Splenic Tissue, Am. 
J. Path. 15: 527-541, 1939. 

7. Lee, R. T.: Survival of Spleuic Tissue After Splenectomy, Lancet 1: 1312'1313, 1923. 

8. Marine, D., and Mauley, 0. T. : Homeotranspinntation and Autotransplantation of tlie 

Spleen in Rabbits, J. Esper. Med, 32: 113-133, 1920. 

9. Morrison, M., Lcderer, M., and Fradkin, '\V. Z.: Accessory Spleens — Their Significance 

in Essential Thrombocytopenic Purpura Hemorrhagica, Am. J. Med. Sc. 176: 672- 
G80, 1928. 

10. Perla, D., and Qottesman, .1. M.; Studies on Bartonella Muris Anemia of Albino Rats, 

J. Exper. Med. 62: 131-142, 2930. 

11. Bernard Shaw, A. F., and Shati, A-; Traumatic Autoplastic Transplantation of Splenic 

Tissue in Man With Observations ou the Late Rc^nlt.s of Splenectomy in Six Cases, 
J. Path. & Bact. 45: 215-233, 1937. 

12. Wright, L. T., and Prigot, A.: Traumatic Subcutaneous Rupture of the Normal Spleen, 

Arcli. Surg. 39: 551-576, 1939. 



THE BACTERICIDAL ACTIVITY OP SOME DI-(HYDROXYPHENYL) 

ALKANES^ 


Bernard Heinemann, PH.D.,t New York, N. Y. 


INTRODUCTION 

T he bactericidal properties of phenol and phenolic compounds have been 
the subject of considerable intensive research. On the other hand, bac- 
tei'icidal investigations of series of di-(hydroxyphenyl) alkanes have been some- 
what limited. 

Harden and Reid^ studied, among other compounds, a series of the type : 


H 


HO 


V 




V 


> 


OH 


R 


where R may be hydrogen or an alkyl group (from methyl to n-hexyl). Their 
results showed increasing germicidal activity, against Staphylococcus aureus, 
with increasing length of the aliphatic chain. 

Richardson and Reid- continued these studies on several or, w derivatives of 
the type: 

HO<^ CH,— ^OH 


in which the aliphatic chain varied in length from CHo, as shown, to CioSm- 
These compounds were much less soluble than the corresponding a, a dei'ivatnes, 
and they were able to obtain maximum killing dilutions only for the first four 
membei’s of the series. Lengthening the aliphatic chain was found to increase 
bactericidal power against S. aureus. 

As the result of some organic .syntheses, in this laboratory, 23 di-(hyfi^u^5 
phenyl) alkanes were made available for bactericidal testing. The basic 
for the compounds discussed in this report, based on the position o 
hydroxyl groups, are as follows : 


HO<^ 


"N OH— CH— Ch/ \ 

_/j 1 I \ / 

Rj Ro R3 

(A) 


OH 


•From Research Laboratories, Schieffelin and Co. 
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HO 



(D) 


R„ Rj, Rj may be hydrogen or an organic radical. 

For convenience, these compounds arc divided info series based on the 
structure of the alipliatio cliaiii. Series I includes compounds of basic formnlas 
(A), (B), (C), and (D). All the couipounds in the other series have the basic 
formula (A). Cliomical investigations of inonosubstitnted derivatives of 1, 3 
di-{p.l)ydrosyphenyl) propane have been presented by Stuart and Tallman.’ 
Chemical studies on the more highly substituted derivatives are to be reported. 

METHODS 

Stock solutions of the compounds were prepared, in suitable concentrations, 
in 95 per cent ethyl alcohol, by volume. Dilutions were made from the stock 
with sterile distilled wafer. Maximum bactericidal dilutions were obtained in 
the presence of 20 per cent alcohol, by volume, in all instances, since it is blown 
that the activity of phenolic compounds may be influenced by the concentra- 
tion of alcohol present.* A 20 per cent concentration of ethyl alcohol, by vol- 
ume, did not Idll the test organisms within the time limit used. 

The test organisms were 5. aurem 209 and Eberthella typhosa grown in 
P.D. A. nutrient broth. To 5 c.c. of diluted compound, at 20° 0. there was added 
0.5 e.c. of 18- to 24-hour growth of cultme. After standing at this temperature 
for ten minutes, transfer was made with a 4 mm, loop (No. 23 B. & S. gauge wire) 
to 10 c.o. of sterile nutrient broth. Subcultures were incubated at 37° C. for 
forty-eight boms and ma.ximum killing dilutions determined. Tests made for 
bacteriostatic properties revealed that it was not necessary to further transfer 
the subculture. 

RESULTS 

The bactericidal dilutions, against S. aureus and E. typhosa, for the com- 
pounds tested are shown in Table I. It is noted that bactericidal activity against 
S. aurexts increases, in the four series of compounds, as the molecular weight of 
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It is interesting to note that the series of compounds tested have other 
physiologic properties in so far as they are able to bring about estrogenic re- 
sponses.® 

SUMMARY 

Twenty -three di-(hydroxyphenyl) alkanes have been tested for bactericidal 
activity. In general, they exhibit increased killing action, in vitro against 
S. aureus, with increasing length of the allryl chain. The susceptibility of E. 
typliosa is at a maximum with the n-butyl derivative. Generalizations which 
have been applied to other series, of phenols, regarding the relation of bac- 
tericidal activity to chemical structure, are found to be valid for the series of 
compounds tested. 

Grateful acknowledgement is made of the advice and encouragrenient given by Dr. R. C. 
Tallman, Director of Research, in this problem and also for supplying the compounds tested. 
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A STUDY OF OILS USED FOR INTRAMUSCULAR INJECTIONS* 


A Study of the PHYSiavL, Chemical, and Biologic Factors 


AVillis E, Brown, ]\LD., Violet M. Wilder, Ph.D., and 
Pauline Schwartz, A.B., Omaha, Neb. 


A ll physicians active in the clinical practice of medicine find it convenient 
to administer drugs in oil by intramuscular injection. With the increas- 
ing use of water-insoluble drugs, this route of administration is becoming more 
frequent. While it is true that most of the oils placed on the market at the 
present time are fairly satisfactoi^', all of us sooner or later find patients who 
react unliappily to some of them. Because of such an experience in our own 
clinic, we undertook to investigate the factoi's which should guide a physician in 
his selection of the oil vehicle for such medication. 

The ideal oil should meet the following requirements: 

ChemicaJltj it should be a stable oil, neutral in reaction, i.e., containing no 
excess acid. It should not react with the medication to form toxic degradation 
products. 

Biologically it should be inert and nonirritating. This oil should be essen- 
tially free of antigenic properties and be rapidly absorbed from living tissue 
leaving no residue. 

Physically it sliould be a good solvent or dispei'sing medium. It should not 
be too viscid to pass readily through tlie needle. The extremes of temperature 
encountered in sterilization (200'’ F.) and freezing (-10° to -20° F. of doctor’s 
car in winter) should not materially alter any of the above features. 

In searching through the literature, very little information is available re- 
garding these data on the oils in common clinical use. Most of the articles con- 
cern themselves wth specific examples of allergic reaction or hypersensitivity to 
some particular oil. While these cases are not too uncommon, they are a spe- 
cialized group of reactions and were not considered in this study. 

Emery et al.^ working with rats studied the absorption of stilbestrol and 
theelin from intramuscularly injected sesame, peanut, castor, and olive oils. 
They found oil retention cysts in these rats ranging in size from microscopic 
to 1 or 2 mm. in size. Emerj’- et al. found that oils differed somewhat in the 
cyst formation which they incited, and these authors recorded the following 
order of increasing tissue reaction : peanut, olive, sesame, and castor. 

Deauesly and Parkes^ studied the absorption of oil following subcutaneous 
injection. They report that in rats and mice, olive oil is absorbed most rapidly, 
that sesame and castor oil are absorbed with increasing difficulty, and that castor 

•From the Department of Obstetrics and Gynecology, University of Nebraska College of 
Medicine. 

Received for publication, Aug. 13, 1943. 

This study was carried on b5' a grant from Smith Dorsey Company, Lincoln, Nebr., who 
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oil remains in tissue almost indefinitely. Chart 1, modified from these authois, 
graphieally presents their data. 

These two reports suggest that castor oil produces the most marked reaction 
and persists longer than other oils and that olive and sesame oils are the better 
oils for clinical use. 

Dr. B. A. Sharps has made available to us, through personal communication, 
the results of observations on the inflammatoiy reaction produced by the intra- 
muscular injection of olive, sesame, and peanut oils. Chart 2 is prepared from 
such data and shows that olive and sesame oils produced the least inflammatoiy 
changes in muscle tissue and were the most readily absorbed. Peanut oil pro- 
duced the most marked inflammatoiy change. 



Chart 1. — ^The ahsorption of oil from subcutaneous injection. Arranged from data pub 
lished by Deanesly and Parkes.^ 

Olive oil o Sesame oil X Castor oil • 

METHOD 

Because of the scarcity of material in the medical literature on this subject, 
we set up a project designed to assist us in the selection of the best oil for mtra 
muscular injection. Pour commonly used oils (corn, cotton seed, sesame see , 
and peanut) were selected for study. Samples of these oils and their chemm 
and physical properties were made available to us through the courtesy of 
P. S. Bukey. 

The antigenic properties were investigated in the following manner. 
patients received at weekly intervals two injections of each of the four oils o 
be considered. Approximately two months later these patients were tested f 
the patch and intracutaneous te.st techniques according to standard speci c 
tions.* 

The biologic reaction was investigated by injecting oils intramusculai’ly into 
the large extremity muscle of experimental animals (rats and rabbits). 
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possible care was taken during the injection oi’ the oil to obtain satisfactory 
antisepsis and to deliver as nearly as possible pure sterile oil. Injections were 
made at right angles to the surface, as near the center of the muscle as possible, 
and the area was gently massaged. These animals were sacrificed at varying 
time intervals of from one to nineteen days The muscle was dissected free 
and fixed in 10 per cent formalin. The tissue was tlien cut, and frozen sections 
were prepared for fat stain with scliarlach R. Tlic balance of the muscle was 
tlien run through dehydrating alcohols, xylol, into paraffin sections and stained 
with liematoxylin and eosin. 



Chart 2. Inflammation induced in muscle by Injected oil. Arranged from data fur- 

nished by Dr. Sharp.* 

Olive oil o Sesame oR X Peanut oil • 

RESULTS 

In Tables I, II, and III will be found a summary of the datcT observed. 
The chemical and physical properties of these oils are shown in Table I. Corn 
oil showed slightly less viscosity than the other oils at room temperature but was 
definitely less viscid at 3® C. Com oil remains fluid down to temperatures of 
-10° to -15° C. (solidification point). This becomes significant for physicians 
who carry their bags in their ears in the winter time. All of the oils tolerated 
sterilization temperatures satisfactorily, smoking temperatures being above steril- 
ization temperatures in all cases. The acids found in these oils are tlie result 
of hydrolysis. There is considerable variation of the acid value in different 
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samples of each oil. Apparently the source and handling’ of the material are 
more important than the type of oil when this factor is considered. Several 
pharmaceutical laboratories have added chemical agents as preservatives, either 
as bacteriostatics or antioxidants. Some of these agents have proved quite irri- 
tating clinically. Hydroquinone was found as an antioxidant in one manufac- 
turer’s product. This was effective in preventing the deterioration of the active 
ingredient, but proved very irritating clinically in some cases, especially if a 
small amount of oil was deposited subcutaneously. 

Table I 


The Physical and Chemical Properties of the Oils Tested 



1 COTTON SEED 

SESAME SEED 

1 CORN 

PEANUT 

‘ ‘ smoking temperature ’ ’ 
(c°) 

235° 

212“ 

1 243° 

220° 

Solidification 

Point (C.°) 

-12° to -13° 

-4° to -16° 

-10° to -20° 

-3° 

Specific Viscosity 23° C. 

33.9 

31.8 

29.7 

I 35.5 

3“ C. 

82.7 

71.6 

63.9 

Semisolid 

Acid Value 

2.5 to 7.3* 

3.0 to 1.4 

2.5 



♦One sample had an acid value of 21.6. 


Table II 

Patients Given Two Sensitizing Injections op a Pooled Sajiple of All Four Oils at 
One tVEEK Interval. Six to Eight Weeks Later They Were Tested for SENSiTivny by 
Patch and Intracutaneous Injection op Each Oil, and the Eeaction Bead at 24°, 4S , 

AND 72°. 


PATIENT 

1 COTTON 

SEED 1 

1 CORN 

SESAME 

SEED 

1 peanut 


24° 

48° 

72° 

24° 

48° 

72° 

24° 48° 

72° 

24° 48° 

72“ 


- 

+ 

+ 


- 

- 

_ 

- 

+ + 

+ 

0 

- 

- 

- 

- 

- 


- 

- 

” - 

— 

u 

- 

- 

- 

- 

- 

- 

_ _ 

- 

_ - 


s 

- 

- 

- 

- 

- 



- 

- 

— 

G 


- 

- 

- 

- 

- 

_ _ 

- 

- 

-H— — 

K* 

- 

+ 


- 

- 

_ 

- 

- 

- + 

+ 

T 

- 

- 

- 

- 

- 

- 

1 - - 1 

-* - 

J1 

D 

- 

- 

- 

- 

_ 


- - 

- 

— — 

— • 

H 

- 

- 

_ 

- 

- 


- - 

- 

"" _ 

_I — ■ 

C 

_ 

- 

- 


- 

- 

i _ - 

- 



B 

1 - - - 1 


- - - 1 

— “ 

— 


♦On flfth day (120 hrs.) there was erythema about all sites of injection. 


Of the twenty patients studied for the antigenic effect of these oils, three 
complained of pain on the second sensitizing injection; the others offered no 
complaint. Patch and intracutaneous tests were completed on eleven patients, 
and the results are found in Table II. Eeactions in general were uueonunon. 
Definite conclusions cannot be drawn from this small series, but it would appeal 
that sesame and corn oil are less antigenic than the cotton seed and peanut o 
On studying the tissues microscopically, we observed a typical trend o 
reactions. "Within twenty-four hours there was a moderate increase in 
cells and the oil seemed to be diffusely scattered through the muscles. It 

♦No attempt is made to study the mechanism of this sensitization. It has been sugS 
ed that it results from small amounts of protein in the oil. 























Bi'vOwx HT AL.: A Study oi’ Oils 
Used Fon iNXRAiiuscuLAn 

INJECTION'S 


J. Lab. & Clin. Mzd. 

VOL. 29 , No. o, March, 1944 
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Fig. 1. — Peanut oil reaction seen at 24* — low power. 

Fig. 2^ — Com oil reaction seen at rt\e tlays — low power 
Fig 3. — Fat stain — peanut oil 4 dajs — low power. 

Fig. 4.-1, Sesame oil at ten days, low power 

B, Peanut oil at ten days, low power. 

C, ibid., high power. 




drown ET AL. : STUDY OP OILS USED 1X)U IXTHA5IUSCULAR INJECTIONS 263 


Table ill 

The Microscopic Studv oi' Tissue Keaction to lNTRAstuscuL.\i5LY Injected Oil 


BABBIT 


D.\.Y 1 

COTTON SEED ' 

SESAME SEED 1 

CORN 

PEANUT 

1 

Many leucocytes. Oil 
along fascial planes. 
(Ko c}sts in spec.) 

Oil in cysts and 
along fascial 
planes. Very few 
leucocytes. 

Oil in cysts. Very 
f e w leucocytes 

uhout cysts. 

Oil in cysts. Many 
leucocytes. 

4 

Oil along fascial 
plane and in cysts. 
Leucocytes about 
some of the cysts. 


Oil in cysts. No 
leucocytes. 

Some of cyst walls 
very thick. Mod. 
leucocytes. 

11 

Oil cysts. Moderately 
thick walls. No leu- 
cocytes. 

Thin-walldl cysts. 

Very thin-walled oil 
cysts. No leuco- 
cytes. 

Some of cyst walls 
very thick. Many 
i leucocytes. 

14 

Thick- walled cysts. 
No leucocytes. 

— 

Very thiu-\salled oil' 
cysts. No leuco- 
cytes. 

Some of cyst walls 
■veiy thick. No 

leucocytes. 


1L\T 


1 

Oil beginning to bo 
encysted. Few leu- 
cocytes. 

Very f e w leuco- 
cytes. O i 1 dis- 
poiscd. 

Very few leucocjtes. 
Oil di!.pcrscd. 

M any leucocytes, 
edema. Oil dis- 
persed. 

4 

M 0 d, encystmeut. 

Wall m 0 d, thick. 
Some leucocyte.s. 

Oil encysted. Tbm 
walls. Few leuco- 
cytes. No edema. 

Clear cysts with 
\cry thin nails. 
Few leucocytes. 

Part of oil encysted. 
Hca\y leucocytes 
and edema. Some 
muscle necrosis. 
Wall sui rounded 
by leucocytes. 

10 

Encysted oil. iloJ. 
thick uall. Few leu- 
cocytes. 

Cyst wall mod. 
thick. Mod. leuco- 
o\tic leaction. 

TIuu'wallcd cysts. 
Leucocytes nearly 
gone. Slight reac- 
tion. 

Oil cysts peisist 
with heavy leuco- 
cytes and edema. 


Oil cysts iicrsist and 

S m a 1 1 thin-wullcd 

Cysts smaller. Leu- 

Similar to above. 


mod. thick wail. 
Few leucocytes. 

iliid leucocytes. 

fibrobiasts in cyst 
wall. 


Severity of o 

reaction 

2 

1 

4 


a tendency to accumulate along fascial sheaths, but was also distributed between 
muscle bundles. (Fig. 1). In two oi' three days the oil tended to accumulate 
into small droplets, and around these droplets appeared a layer of fibrin with 
a large epithelioid type of cell. The accumulation of leucocytes and wandering 
cells was peripheral to this oil cyst (Fig. 2), Fig. 3 is of tissue prepared for 
the demonstration of fat and is stained with scharlach R; this demonstrates that 
these spaces are actually oil cysts The leucocytic reaction reached a peak be- 
tween days 3 and 6 and then tended to subside slowly. The rate and intensity 
of these changes varied in the different oils. In Table III are recorded our 
observations. Based on these factors we have attempted to grade the tissue 
reaction to these oils. In general, all of the oils formed many micro.scopic cysts 
throughout the involved iiULsclc. As noted in tliis cJiart, there is a qualitative 
and quantitative difference in response. Fig. 4 compares the microscopic picture 
of corn oil and peanut oil as seen at ten days. 

In general, corn and sesame oil produced the least amount of reaction, as 
judged by the amount of fibrin deposited, and leucocytic infiltration for the 
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shortest period of time. The persistence of oil cysts could not be determined 
from this short period of observation; they did, however, seem to be smaller in 
corn and sesame oil animals. Peanut oil produced the most marked reaction; 
and cotton seed oil was in between these, showing somewhat greater variation 
from animal to animal. 

CONCLUSION 

1. The criteria for selecting an ideal oil for intramuscular injection have 
been suggested. These include physical, chemical, and biologic specifications. 
Using these criteria, corn, peanut, sesame seed, and cotton seed oils were 
studied. 

2. The physical and chemical properties of these oils as they apply to their 
use in medicine have been reviewed and evaluated. 

3. The antigenic properties of these oils were tested; sesame seed and corn 
oil did not produce sensitivity by this technique, while cotton seed and peanut 
oil produced reactions. 

4. The reaction of muscle to these oils was studied, and the following factors 
have been used in evaluating the intensity of this reaction: (a) accumulation 
of leucocytes, (b) formation of oil cysts, and (c) disposition of fibrin. 

5. By these criteria sesame and corn oil are superior to peanut and cotton 
seed oil for intramuscular injection, for they are: (a) more suitable physically 
and chemically for this purpose, (b) more quickly absorbed from tissue, (e) 
less antigenic, and (d) less irritating to tissue. 

"We wish to express our appreciation to Dr. J. P. Tollman, Professor of Clinical Patliol- 
ogy, who assisted in evaluating tlie tissue reaction. 
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BARBITUBATE INTOXICATION AND PICROTOXIN TREATMENT 


Presentation of a Case 


Bennett W. Billow, M.D., New York, N, Y. 


D espite lack of complete information, reports on barbiturate poisoning 
indicate that it is a problem of important magnitude. Hambourger,' at 
the request of the Council on Pharmacy and Cliemistiy of the American Med- 
ical ilssoeiation, has made a study of the promiscuous use of the barbiturates. 
He concluded; 

1. More than 1,200,000,000 grains of barbituric acid derivatives were sold 
in the U.S.A. in 1930. 

2. The number of suicidal deaths by the barbiturates in the U.S.A. in 
1936 was 300. 

3. The number of suicides by barbiturates has shown a definite upward 
trend during the past decade. 

Statistical reports of the Medical E.xaminer’s OfSce of the City of New 
York revealed the number of suicides by barbiturates, accidental and unde- 
termined, in the City of Now York alone, to be 32 cases for the year 1937 ; 42 
cases for the year 1939 ; 48 cases for the year 1940 ; and 00 cases for the year 
1941. Aceurate statistics as to the number of persons poisoned who did not die 
are not available, as physicians do not report those cases. 

Penisal of foreign literature reveals that the use of barbiturates is as com- 
mon abroad as in the U.S.A.“ Thus the widespread use of barbiturates by the 
layman has inevitably led to many instances of accidental overdosage or suicidal 
poisoning. It is therefore iinperath'e that the general practitioner, as he is the 
one who is first called, he familiar with the sjunptoms of acute into.\ieations, as 
well as cognizant of a suitable and energetic antidote. 

The symptoms of barbiturate poisoning vary with the amount of drug 
taken. When absorption is gradual, confusion, ataxia, difficulty in swallowing, 
vomiting, and motor excitement occur. Diagnosis is apt to he difficult, .tiny 
patient found in deep coma, with shallow rapid respiration, fixed miotic pupils, 
corneal reflexes abolished, absent reflexes, thready pulse, and low blood pres- 
sure, should suggest the possibility of barbiturate poisoning. Energetic therapy 
is essential; the aim of the treatment is to combat the action of the drag by 
antagonistic drugs and supportive therapy. Table I contains appro.ximate fatal 
doses for the commoner barbiturates.^ 

Picrotoxin is the active principle of several plants, notably Anamirta 
paniculata or “fish berries. Its use as an antidote in barbiturate intoxica- 
tions was first suggested by Maloney, Pitch, and Tatum' on the basis of ani- 
mal experiments. Picrotoxin gained the attention of the clinicians as a result 

Received for publication, Aug. 2J, 1943. 
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of the pioneer work and studies of Maloney and his associates,® and Linegar 
and his co-workers.® Murphy et ah' reported the first clinical attempt to ad- 
minister picrotoxin in adequate doses in acute barbiturate poisoning. A num- 
ber of clinical cases®'^' have been reported which seem to substantiate the ani- 
mal evidence that picrotoxin is an effective physiologic antidote for barbituric 
acid intoxications in human beings. 

Picrotoxin stimulates the medullary centers and cortical centers. The 
respiratory and vasomotor centers and the autonomic centers are also stimu- 
lated. There is a hyperactivity of the skeletal muscles and some myoclonic 
movements. In toxic doses, it causes nausea, vomiting, cold sweat, diarrhea, 
slow pulse, clonic convulsions, and paralysis. Picrotoxin, injected intraven- 
ously, disappears rapidly from the blood and could not be demonstrated there 
or in the liver or muscles after two hours.'® 

It has a narrow margin of safety. However, clinical evidence indicates 
that in barbiturate poisoning much higher doses may be used. It should be 
administered by divided doses. The amount and interval should depend upon 
the response of the patient. The immediate object is to maintain adequate 
respiratory and circulatory function by the stimulant. Bleclcwenn et al.“ m ^ 
series of clinical observations found approximately one mg. of picrotoxin was 
an antidote for approximately 30 to 40 mg. of pentobarbital sodium. 


Table I 


COMPOUND 

SEVERE JNTOXICATIOK, BUT GEN- 
ERALLY WITH RECOVERY 

GENERALLY FATAL 

Allonal 

10 Gm. 

More than 15 Gm. 

Amytal 

1.5 to 2 6m. 

2 to 3 Gm. 

Barbital 

3 to 10 Gm. 

5 to more than 20 Gm. 

Dial 

2 to 2.5 Gm. 

More than 2.6 Gm. 

Nembutal (Pentobarbital 
Sodium) 

More than 1 Gm. 

More than 2 Gm. 

Pernocton 

0.5 to 1 Gm. 

More than 1 Gm. 

Phanodorm 

1.2 Gm. 

More than 10 Gm. 

Phenobarbital 

4 to 7 6m. 

6 to 9 Gm. - 


It is the purpose of this communication to report a ease of pentobarhita 
sodium (nembutal) intoxication treated by picrotoxin with recovery. 1 
patient swallowed 3 grams of the drug which is considered a lethal dose. 


CASE REPORT 

The patient, a 24-year-old nurse, was first seen in deep coma at 8 p.m. on May 13, 1®^^ 
Her color was dusky, pupils miotie and nonreacting. All her reflexes, including the 
were absent. Her heart rate was rapid and sounds were of feeble quality; the pulse s 
rapid, and tliready, rate 124 per minute; the blood pressure 90/50. The respiratory rate '' 
30 per minute, labored but not stertorous; temperature 96.4° F. . 

The family revealed she had threatened suicide. Later, on recovery, patient ve j 
that she had swallowed three grams of nembutal at about 4 or 5 P.M. that afternoon. 

May 13, 1943, Treatment Administered: 

(a) The immediate treatment: 

1. Intravenous injection of 1.5 c.c. size coramine ampules every fifteen 

for six doses, followed by . 

2. Six intramuscular injections of metrazol ampules (1 c.c.) at half-hour m 

3. Gastric lavage 
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4. Body heat applied 

5. Change of patient’s position with removal of tracheal secretion. 

The results with the therapy were negative, and the patient’s condition remained critical. 
It was felt that we were dealing with a severe case of deep barbiturate poisoning, and 
therefore treatment with picrotoxin was instituted at 1 a,m., i.e., about five hours after first 
seeing tho patient. 

(b) Picrotoxin Therapy: 

May 14, 1943, 1 a,M.; 2 c.c. of a 0.3 per cent (6 mg.) solution of picrotoxin was given 
intravenously. 

1:15 A.5I.: 2 c.c, of 0.3 per cent (G mg.) solution of picrotoxin was given intravenously. 

3. *30 A.Ai. : 1 c.c. of 0.3 per cent (3 mg.) solution of picrotoxin was given intravenously. 

1:45 A.M.; 1 c.c. of 0.3 per cent (3 mg.) solution of picrotoxin was given intravenously. 

2 A.M. : 1 C.C. of 0.3 per cent (3 mg.) solution of picrotoxin was given intravenously. 

Tho patient at this time began to manifest restlessness, winced when her skin was 
pinched hard, and dribbled her urine. Temperature rose to 98.2; pulse rate diminished to 
110; blood pressure lOO/GO; respiratory rate was 24. 

Picrotoxin was continued at half-hour intervals. During this time other adjuvant 
measures, such as (1) continued body heat, (2) maintenance of open airway; and (3) chang- 
ing of patient’s position, were constantly carried out. 

May 14, 1943, 6 a.m.: Corneal reflexes returned; there were twitchings of the tongue 
and lips. Heart sounds improved, the pulse rate was 100 and of good quality. The lungs 
were clear; lips were dry but less cyanotic. Injections with picrotoxin were continued at 
1 c,c. doses intramuscularly at 45-minuto intervals. 

7 A.M.: Temperature began to rise and reached 100.6; pulse rate increased to 120, 
but was of good quality; and tho respiration was 29. Lungs were clear. It was felt that 
the patient’s temperature was duo to dehydration. 

8 A.M.: Temperature was 101.2; pulse rate, 13$; and the respiratory rate, 28. 

Patient shoued increasing restlessness; blood pressure rose to 120/70; heart sounds 

uere of good quality; and picrotoxin was continued intramuscularly at 45-minute intervals 
in 1 c.c. doses. Pupils reacted to light and were of normal shape. 

9 A.M.: 2000 C.C. of 5 per cent glucose in salino intravenous clysis, high colonic 
irrigation, followed by retention enema of warm coffee. 

11 A.M. to 2 p.M.: Reflexes returned and coma seemed less severe. 

1. Continued 1 c.c. of picrotoxin intravenously at 45-minute intervals. 

2. Continued intravenous drip at the rate of 30 drops per minute. 

2 P.M.; Patient vomited green mucus, followed by loose bowel movement; tempera- 
ture fell to lOO.G, pulse rate was 100, and the respiration rate was 20. Patient grunted 
and moved when, pricked. 

At this time it was decided to stop picrotoxin injections with the view of ascertaining 
whether recovery would continue without analeptic medication. Caffeine-sodio-benzoate 
ampules, 0.5 grams intramuscularly, was substituted at half -hour intervals. 

4:30 P.M.: A definite depression was noted, patient became quite immobile, respira- 
tion labored, and the pulse rate rose to 119; tho temperature became normal, 98.0. 

One c.c. intravenous injection of picrotoxin was resumed at 15-minute intervals for 
two doses. Remission was immediate, twitchings were noted; there was spontaneous bowel 
evacuation with vomiting of bile. 

5 P.M., May 14, 1943, to 4 A.M., May 15, 1943: Picrotoxin continued intramuscularly 
at 45-minute intervals. 

May 15, 1943, 4 A.M.: Patient showed convulsive movement of head, and legs began 
rolling from side to side. Picrotoxin was stopped. 

4 A.M. to 5:45 a.m.; No medication. Patient quiet, physical condition good. 

5:45 A.M.: Picrotoxin given intramuscularly at 1 hour intervals for two doses. 

Patient became active, kicking covers off body, lifting head, waving arms and grunting. 

8 A.11.: Patient began to cry, continued to kick, and roll in bed. Stopped picrotoxin 
therapy. Color good, pulse and heart rate of good quality, rate 90 per minute. 
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9 A.ii.: Patient uttered indistinct sounds; enunciation slow; speech . tliickened, unin- 
telligible; crying; stiU unconscious. No medication. 

12 II.: Intervals of lucidity and crying spells; quiet sleep; restless muttering; 
sounds more distinct; speech less slurred. 

4 P.JI.: Patient perfectly lucid, fully recovered except for weakness. 


COiniENT 


In the case presented certain facts emerge and are worthy of comment. 
The physical signs indicated severe poisoning from barbiturates. The amount 
of drug taken was within the range considered fatal. Although high doses of 
metrazol and coramine were employed in the beginning of therapy, the results 
were negative. The intravenous use of picrotoxin (21 mg.) in one hour elicited 
a marked awakening phenomenon. After thirteen hours of continuous picro- 
toxin therapy, with definite improvement in the patient’s condition, it was de- 
cided to stop analeptic therapy. The patient was examined two and a halt 
hours later, and definite depression was noted, the pulse rate increased, respira- 
tion became labored, etc. Renewal of intravenous injections of picrotoxin 
brought about inunediate remission. 

The Comicil on Pharmacy and Chemistiy'® stated the following: 

“The cautious use of picrotoxin in barbiturate poisoning would therefore 
seem justifiable in cases which can be carefully studied rvith the view that they 
may supply sufficient accurate data for which the proper place of picrotoxin as 
an antidote may be established.” 

No pretense is made to recommend picrotoxin as the sole antidote in bar- 
biturate poisonings. Mild eases of barbitui'ate poisoning need not be treated 
with picrotoxin. There are accumulated sufficient experimental and pharnio- 
cologic evidences to establish picrotoxin as an active antidote for patients pro- 
foundly depressed by barbiturate poisoning. The present case and a number 
of clinical cases which have been reported seem to substantiate the experimenta 
animal evidence. 


SUilXI.XRY -AND CONCLUSIONS 

1. Statistics reveal a widespread increase in the use of barbituric acid 
derivatives and a resultant rise in the number of poisonings, intentional m 
accidental. 

2. The diagnosis of barbiturate poisoning is difficult; the symptoms an 
manifold. The presence of coma with shallow' rapid respiration, contrac e 
pupils, absent or diminished reflexes, and feeble and rapid pulse should laiso 
the possibility of barbiturate poisoning. 

3. A ease of pentobarbital sodium poisoning is reported. The patient 
treated by injections of picrotoxin. She received 135 mg. of the drug- 
patient recovered after sw'allowdng 3 gi-ams of the ding, considered wfithm 
range of a lethal dose. 

4. iletrazol and coramine were employed in the beginning of therapy, ^ 
there were no clinical signs of improvement until picrotoxin was adnunis 

5. It may not be amiss to mention that in tliis instance picrotoxin 
not be pui’chased, although practically every pharmacy in the neighborhoo 
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called. The drug liad to be borrowed from a hospital. It is therefore sug- 
gested, ill view of increasing barbiturate use in our eoiintiy, that picrotoxin be 
stored by druggists. 
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COLD HEMAGGLUTINATION EEACTIONS IN TUBEECULOSIS' 


Egbert S. Sipfert, M.D., and Benjajhn ICrautman, Brooklyn, N. Y, 


T he diagnosis of primary atypical pneumonia of unknown etiology is fre- 
quently difficult and uncertain. The signs, symptoms, clinical course, and 
x-rays may vai'y from case to ease, and from season to season. Eecently Peter- 
son, Ham, and Finland^ suggested the possibility that the presence of cold auto- 
hemagglutinins might serve as a diagnostic aid in some forms of the disease. 
However, more extensive research is indicated to establish whether a titer 
exists above which the sera of patients with atypical virus pneumonia would 
invariably agglutinate their own cells, and below which no other serum would 
demonstrate the same pheiromenon. 

Horstmann and Tatloek- investigated the problem still further and em- 
ployed isohemagglutination methods, using washed type “0” cells. The.r 
reported a high incidence of cold isoagglutinins of significant titer in the serum 
of patients with atypical pneumonia. Their control patients were invariably 
negative for cold agglutinins. 

The present investigation is an attempt to discover the degree of specificity 
of cold autoagglutinins and isoagglutinins in random control hospital and 
clinical patients, as well as to study these reactions in patients with early and 
late tuberculosis. The latter group was chosen because it not only represented 
another form of pneumonitis, but a form ■which, in its early stages, conceivably 
might be confused with atypical pneumonia. 

Eighty-two proved cases of tuberculosis were studied. Thirty-three were 
at the time untreated patients admitted to the tuberculosis wards. Forty-nine 
were ambulatory, receiving pneiunothorax treatment in the outpatient clinic- 
The ward eases consisted of fourteen with symptoms of six months’ duration 
or less, considered eardy cases, and nineteen wdth symptoms of more than six 
months’ duration, considered chronic cases. Six of the former group ba 
symptoms of less than one month duration or no symptoms at all. A contro 
group of eighteen patients from an acute medical ward and twenty-four pa 
tients chosen at random from the outpatient clinic were included. 


3IETHOD FOR COLD ISOAGGLUTINATION TEST 

1. Preparation of Washed Type “0” Cells . — ^A sample of six c.c. of ficsb 
cells from a Blood Bank Flask fi’om which the plasma had been siphone 
ten c.c. of blood from a type “0” donor mixed with 1 c.c. of 2.5 PC’" 
sodium citrate was used. It was centrifuged at 1,500 revolutions per minu ^ 
for five minutes. The supernatant fluid and layer of white cells were 
by siphon. Twenty-five c.c. of sterile normal saline (0.85 per cent) were a ^c^ 
and the mixture was centrifuged again for five minutes. This w’as 
three times. If hemolysis occurred, the sample was discarded. The ce s ^ 

•From the Biochemical Laboratories, Kings County Hospital, "W. TV. Hala, DircC 
Laboratories, 
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packed down well, and a 2 per cent siispeiiaioti was made by diluting 2 c.c. of 
the washed cells to 100 c.c. of sterile normal saline solution. The unwashed 
cells keep for about three days in the refrigerator. The cell suspension must 
be kept in a refrigerator and may be used until hemolysis occurs. 

2. Procedure for Cold IsoagghUination Test. — One e.e. of the patient’s clear 
unhemoiyzed serum was placed in a test tube containing 3 c.c. of norma] saline 
and mixed. One c.c. of the diluted serum (1:4) was transferred to a small 
test tube, and 0.1 c.c. of the freshly prepared 2 per cent suspension of human 
cells was added. The tube was then placed in an ice bath kept in a refrigera- 
tor at 1 to 4° C. Readings were taken in six to twelve hours, and the tubes 
were Icept in the ice bath until ready to read. The above procedure was re- 
peated with 1 e.e. of 1 :1C)0 and ivifh higher dihithiis of the scrum. The results 
Avere reported as folloAvs ; 

A. Negative: If on inverling tlic tube three times, a homogeneous 
suspension of cells is present. 

B. Doulitful: If on inverting the tube three times, very fine par- 
ticles are present, but disappear within thirty seconds to give a sus- 
pension similar to A. 

C. Positive : If on inverting as above, there are present many fine 
persistent particles (1+) to a blood disc which is loosened from the 
bottom of the tube and which breaks into large coarse particles (4+). 

In order to confirm tliat the positive reactions were typical cold agglu- 
tinins, the tubes were alloAved to remain at room temperature for an hour or 
until the agglutinations disappeared. The tubes were i-eplaced in an ice bath in 
the refrigerator for from two to six hours. The agglutinations always reap- 
peared. 

PROCEDURE FOR COLD AUTOAGGLUTINATION TEST 

One c.c. of clear unhemoiyzed serum to be tested Avas placed in a small 
tube. The tube containing the clot Avas inverted several times and 0.05 c.c. of 
the suspension of the patient’s cells Avas added to the serum tube. The tubes 
Avere placed in an ice bath as described under isoagglutiiiation, and the re- 
sults were read in the same Avay. 


COJUWENT 

In no instance was a positive isoagglutiiiation obtained in a titer of 1 :160 
or over. One patient in the early tuberculosis group shoAved a positive test, 
but no patients with symptoms of one mouth or less demonstrated a positive 
reaction. In the control group of Avard patients the diagnoses of those react- 
ing positively AA'ere hj'pertensive cai’dioA'asciilai’ disease, undiagnosed gastro- 
intestinal disease, and nonspecific colitis. No history of virus pneumonia or 
tuberculosis Avas obtained from any of these patients. No positive tests Avere 
found in tlie outpatient clinic control group. 

RESULTS 

The results are reported in Table I. 

The present series is not large enough to draw final conclusions concerning 
the relative correlation of cold autoagglutinins and isoagglutinins with early 
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and late eases of tuberculosis. It is interesting that no high titers were found 
in this series, but it is impossible to state with certainty as yet that high titers 
do not exist in some stage of the tuberculosis disease process. If further hi- 
vestigation of large numbers of patients reveals that those with pneumonitis 
other than atypical pneumonia invariably fail to develop cold agglutinins of 
high titer, the test will prove to be of great value in the differential diagnosis 
of virus pneumonia. 

Table I* 


PATIENTS 

SEX 

NUMBER 

POSITIVE ISOAGGLUTININS 
(1:4 DILUTION) 

POSITIVE AUTOAGGLOTISISS 




NUMBER PER CENT 

NUMBER 

PER CENT 

T.B. Wards 

M 

23 

6 

26 

12 

52 


F 

10 

3 

30 

6 

60 


M+F 

33 

9 

27 

18 

55 

T.B. Clinic 

AI 

26 

3 

12 

9 

38 


F 

23 

5 

C|0, 

14 

61 


AI+F 

49 

8 

16 

23 

47 

Control 







Clinic 

AI+F 

24 

0 

0 

2 

8 

Ward 

F 

18 

3 

17 

5 

28 

Total 

AI+F 

42 

3 

7 

7 

17 


•The tuberculosis cases were studied through the courtesy of Dr. C. E. Hamilton, Director 
ot the Tuberculosis Services at Kings County Hospital. 


It tvas also noted that not only did autoagglutinins occur more fi-equently 
in all groups than did isoagglutinins, but that there was a definitely lai'gci' 
number of positive autoagglutinin tests obtained in the tuberculosis groups 
than-in the control group. More extensive work is indicated to discover wheflier 
there is any clinical significance to this observation, or whether this is merely 
an example of the rather nonspecific nature of cold autohemagglutinius. 


CONCLUSIONS 

Cold isohemagglutination and autohemagglutination tests were performed 
on a series of tuberculosis patients. In none of those shelving a positive co* 
isoagglutination reaction was a high titer noted. This suggests that the cold iso- 
agglutination test previously reported” may be of value in the differentia 
diagnosis of some forms of early tuberculosis fi'om atypical pneumonia. Since 
positive reactions were found in low titer in tuberculosis patients as well as 
in three control patients it should be emphasized that in order that a test ic 
considered positive for atypical pneumonia, the cold agglutinins must be pi'cs- 
ent in high titer. 
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PURPURIC LESIONS IN aiENINGOCOCCIC INFECTIONS' 


Duqnosis Prom Ssie.vrs -\ud Cultures of the Pokpukic Lesions 


SIaj. AVilliaji G. Bernhard, JL C., A. U. S., 
Capt. Arthur C. Jordan, Sx. C,, A. U. S. 


T he laboratory diaguosis of meningococeus infectious has assumed added 
importance due to the congestion of populations in industrial and camp 
areas during the war emergency. We liave had the opportunity to study a 
series of 182 cases at the Station Hospital, and the purpose of this report is to 
record our experiences in culturing the spinal fluid and blood of these patients 
and to show the value of smears and cultures from the purpuric lesions as an 
aid in early diagnosis of meningococcus bacteremia. 

After considerable experimentation, we developed an efficient culture 
medium which has enabled us to obtain consistently profuse cultures of the 
meningococcus after an average incubation period of eighteen hours. In many 
cases colonies have been observed after only ten hours’ incubation. We have 
also used this medium with remarkable success in the culture of the gonococcus. 

DEXTROSE-STARCH-CHOCOLATE-.VGAR FOR CULTURE OF MENINGOCOCCI 

14.0 Gm. Bacto dc.xtrose proteose No. 3 agar 
15.3 6m. Bacto nutrient agar 
3.2 6m. soluble starch 

Dissolve above in 1,000 c.c. of water and autoclave. 

Bring the medium to a temperature of 90° C. and 
add 5 per cent of rabbit or human blood. Dispense 
sterilely into 6-inch test tubes and slant. 

As suggested by Zinsser,'' we found that the culturing of fairly large 
quantities of spinal fluid was necessary to obtain satisfactory results. At the 
same time, it was noticed that organisms from less purulent fluids grew more 
readily than those from fluids with very high cell counts. Obviously, too many 
neutrophiles carried over on to the medium inhibited the growth to some extent. 
We therefore made two sets of cultures on purulent fluids. The uncentrifuged 
spinal fluid was inoculated, one c.c. into a brain heart infusion broth and 0.5 
c.c. onto the starch chocolate agar slant, described above. The remaining portion 
was centrifuged; the supernatant fluid was poured into a tube of broth and a 
slant was inoculated with the entire sediment. In many cases growth was 
obtained on both sets of cultures, but in several instances colonies developed only 
on tile medium inoculated with the unsedimented fluid. Our blood culture 

•From U\c ’ Army Air Forces Training Command, Basic 

Training Center N 

The report r autopsy material in this senes has been written 

by the above aut under the title “Bilateral Adrenal Hemorrhage 

Associated with FuimiUciiiui, ^ Septicemia CWaterhouse-Friderichsen Syndrome)." 

The clinical report is being WTitten by Captains C. M. Dummer and IC L. Clonlnger and will' 
be published at an early date 

Received for publication. Sept. 9, 1943. 
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method has been the inoculation of 100 e.c. of brain heart infusion broth with 
10 c.e. of blood, and in a portion of the cases a poured plate was also made, 
using 3 c.c. of blood to an enriched nutrient agar base. To counteract the sulfa 
drug, para-aininobenzoic acid, 50 mg. per liter of media, was added. 

To supply the carbon dioxide requirements of the meningococcus, Thomp- 
son- suggests 1 Gm. of sodium bicarbonate and 100 c.c. of 3 per cent sulfuric 
acid for each 2,500 c.c. volume of the incubation jar. In our work we have used 
an ordinary mason jar. After placing the culture tubes in the jar, the chemicals 
are added, and after a few seconds to permit the top gases to escape, the top is 
clamped on. We did not have the opportunity to try carbon dioxide gas and the 
Noi^' or similar jar early in our series. However, it is our belief that the com- 
bination of carbon dioxide and moisture is the ideal condition, and we have 
been reluctant to change the above procedure. 

It seems worth while to mention here the extreme variation in the size of 
the meningococcus as seen on stained smears in this series. Organisms isolated 
from some eases were in the normal range of 1 micron in diameter, but often 
the organisms from a case seen on the same day would measure anywhere from 
1 to 4 microns in diameter. Size variability in a given culture of meningococcus 
has been recognized as a characteristic of the organism, but the tremendous size 
of some organisms isolated from a given case has been a constant surprise to us. 
A large strain seen on direct smear from the spinal fluid has invariably niam- 
taiiied its size on culture, and a like coordination has been seen in cases of the 
smaller strains. 


We have also noticed a wide variation in colony size in different isolation, 
the majority measuring 1 mm. to 2 mm. in diameter. However, in some in- 
stances the colonies have measured more than twice that size, making it difficult 
to recognize them as meningococcus colonies. No attempt has been made to 
coordinate size of organism with size of colony produced. 

In the 182 cases studied (Table I), we obtained positive cultures m 
cases or 91.76 per cent. In four cases, not counted in this series, organisms 
other than the meningococcus were isolated from the spinal fluid. In two o 
these cases the pneumococcus was isolated from both the spinal fluid and tm 
blood. In the other two cases. Micrococcus tetragenus and streptococcus, ganmm 
type, were found in the spinal fluid, and cultures of the blood were negatne. 

We have considered all purulent fluids, showing no organisms in the scdi 
ment, and negative cultures as probable meningococcus fluids and inclu e 
these as missed eases from the laboratory standpoint. Fifteen eases (Tabic > 
or a total of 8.24 per cent, belong in this group. These patients were chai e ^ 
as menuigitis of undetermined etiology, but coming during a meningoco 
epidemic, and due to the fact that other pj’ogenic organisms with a 
tendency to autolj'ze were not found, it seems reasonable to suppose that 
meningococcus was probably the causative agent. 

A comparison of the culture results in spinal fluid and blood shous 
gi-eater success m isolating the organism from the spinal fluid than fiom 
blood, the former beuig positive in 140 cases while the latter ivas 
only 85. We can offer no definite explanations for this, since the two flm 
drawn within a few minutes of each other in practically all eases. _ , 

we do believe that positive blood findings would have been materially me 
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if repeat cultures at 24-liour intervals could have Leen made. This procedure 
was not followed routinely because of the fact that a high level of sulfadiazine 
was maintained in these patients. It is interesting to note that percentages of 
positive blood cultures increased late in the series without change in methods. 
This brings up the question of modes of invasion and whether or not we have 
in some cases a meningitis without a meningococcemia. 

Twenty cases with a variable rash and a leucocytosis are refeiTed to (Table 
I). Spinal taps revealed clear, colorless fluids "vvilh no increase in cells. Other 
constituents, such as globulin and sugar, showed no change, and cultures of 
both the spinal fluid and blood were negative There is, of course, a possibility 
that some of these cases were meningococcus septicemias. Zinsser' advises a 
serious consideration of the diagnosis of meningococcus septicemia whenever a 
prolonged case of fever Avith leucoe 3 ‘tosis and a slight variable rash comes under 
observ’atioii, but due to an absolute lack of laboratory evidence, we have not in- 
cluded them in this discussion. 

Table I 

SuirifARv or 182 Cases Studied 


C.VSES WITH POSITIVE LAOOR.VTOrA* FINDINGS 


NO. OASES 

PER CENT TOTAL 

N. intracellularis 



C.S.F. Pos., Blood Neg. 

80 

43.96 

O.S.F. Pos., Blood Pos. 

GO 

32.97 

C.S.F. Neff., Blood Pos. 

25 

13.73 

O.S.F. Ncg., Blood Neg., Petecluac Pos. 

2 

1.10 

Total 

167 

91.76 

CASES AITTII NEGATIVE LABORATORY FINDINGS 


NO. OASES 


Clinically meningitis of undetermined etiologj' 

15 

8.24 

Total 

182 

100.00 

Cases with purpura and high WBC, but no other 

20 


positive findings (not included in scries) 




T.VBLE II 


Cases With Clear. C.S.F.; Positive on Culture 


NO. CASES 

CELL COUNT 

APPEARANCE | 

SAIE.VR 

SUGAR 1 

GLOBULIN 1 

CULTURE 

10 

0- 5 

Clear 

-* 

Normal 

Normal 

+ 

4 1 

6-10 

Clear 

-t 

Normal 1 

Normal 

+ 

2 1 

11*15 

Clear ' 

-t 

Normal 

Normal 

+ 

4 1 

16-20 

Clear ' 

-t 

Normal 1 

Normal I 

+ 

5 1 

21-50 

1 Clear 

- 

Normal | 

Normal 1 

+ 


•Four caica In this group showed gram-negative extracellular dlplococcl In the sediment 
fOne case m this group showed gram-negative extracellular diplococci in the sediment. 


E.VKLY JIENINGITIS OASES AVITH CLE.VK SPIN.U. FLUIDS (TABLE fl) 

Of unusual interest to us lias been the number of meningitis eases from 
which clear, colorless spinal fluids with normal cell counts and normal chemical 
constituents were obtained. These fluids gave no sediment on centrifugation, 
and smears made from the small amount of fluid adherent to the walls of the 
tube after draining, when stained, showed only an occasional leucocyte. In 
seven cases, gram-negative extracellular diplococci were found, and in two 
cases, we were able to demonstrate one or two intracellular organisms, but all 
others resembled perfectly normal fluids. On culture, all 25 of these oases 
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showed gram-negative diplococci which on typing proved to be a true meningo- 
coccus. Elliott^ reports such a case with a cell count of 11 polymorphonuclear 
leucocytes, and other cases have been reported, but this group comprising ap- 
proximately 14 per cent of our total meningococcus cases would seem to indicate 
one of two things : either the lumbar puncture was done very early, before tlie 
cellular response to the infection, or there was a temporary sacculation in parts 
of the subarachnoid space. In only three of these cases was a later puncture 
done, and only one of these showed any material elevation in the leucocyte 
count. 


THE RAPID DIAGNOSIS OP MENINGOCOCCEMIA PROM SJIEARS AND 
CULTURES OP PURPURIC LESIONS 

In 1915, Coles^ reported the finding of meningococci on smears made from 
peripheral blood. "While counting 2,000 leucocytes, ‘ ‘ 10 were found to contain 
typical meningococci.” His blood films were stained by Giemsa’s method, and 
his conclusion that the organisms observed were meningococci was based solely 
on their morphologic similarity to gonococci. In 1916, Netter and Salanier’ 
demonstrated the presence of meningococci in the purpuric lesions of two cases 
of meningococcus bacteremia, and Benda® was successful in demonstrating the 
organisms in sections made from the purpuric lesions. Benda, however, was 
able to detect them in only one case out of five. Credit must be given to 
Drigalski’' for having been the first to demonstrate meningococci in the herpetic 
vesicles associated with meningococcal infections. In Drigalski ’s case, a blister- 
like lesion was apparently’' produced artificially^ on the ear lobule by rubbing 
with green soap and alcohol and making smears and cultures from the ex- 
travasated serum. He successfully’’ cultured this material, but failed to obtain 
viable organisms on subculture. Late in 1916, Netter, Salanier, and Wolfrom’ 
found meningoeoeci in smears from pui’pura in a third case, and in 1917, Netteu 
Salanier, and Blanchier® reported two additional cases. In one, positive snieai’s 
were obtained, and in another they were also successful in obtaining typic^' 
colonies on cultivation. Muir in 1919 reported two cases of meningoeoccic in- 
fection ivith autopsy findings. In both cases smears from peteehiae after deaf i 
showed gi’am-negative intracellular diplococci, and in one case he g«'' 
meningococci from the peteehiae and venous blood after death. Eeference of 
bibliography’ : Jluir, R. J. : Note on the Presence of iMeningoeocci in the 
Peteehiae in Cerebrospinal Fever, J. Royal Army’ Med. Corps 33: 404, 1919- 

Middleton and Duane^® in 1929 reported an ordinary cover slip suieai of 
peripheral blood revealed a large number of .intracellular and extracellu ni 
diplococci, resembling meningococci, and in 1931 McLean and Caffey’ 


:vn were abk 


to demonstrate meningococci in smears from the purpura in fifteen 


out of 


eighteen cases. This report of positive findings in S3 per cent of cases was by h'f 
the most important work up to that time, and it now seems surprising tia 


more work was not done in subsequent outbreaks. Nine y’ears later 


jfoss and 


Schenken“ observed intracellular diplococci in the granulocytes of 
blood in one case and demonstrated gram-negative intracellular diplococci in 
direct smears made from purpuric spots post-mortem in a second case. In 
Kwedar^® reported that gram-negative intracellular diplococci were 
blood sineax’, which were later proved to be meningococci by blood fu 
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3fonfort and ilehrlin^'- stated that rnicra-'-copically the cutaneous le- 
sions seen in meningococeic bacteremia are shown to be due to direct in- 
volvement of the capillaries by the caasative organism. Thom^ikins, in 1943, 
reported that positive smears were obtained in 39 of 48 ca.ses (about 80 per 
cent) from purpuric lesions in mcningococcie disease. Reference for bibliog- 
raphy: Thompkins, V. X., C., A. U. S,: The Diagno.-»tic Value of Smears 

From Purpuric Lesions of the Skin in Meningocoecic Disease, J. A. il. A. 123: 
31, 1943. 

Vse, like many others, were liot appreciative of the iremendoiLs value of 
the stained smear and culture of bh>od from the purpuric lesions of meningo- 
coccic septicemia until rather late in our seric-s. 

RESULT.S OF .S3IEAR.S AND CL*I-Tl*RflS mOil PL'KI’L'RIC LIISIONS 

Forty eases are recorded in Table III. Blood culture and spinal fluid e.xani- 
ination and culture were done simultaneou.dy with the e.xamination of the 
material from the purpuric lesion. 

In Case 1, the patient was* extremely ill and already in coma, and because, 
earlier we had failed to diagno:»e a similar ease before death, we decided to at- 
tempt eulturc-s and e.xaniine stained .stiieaiN of blood from the petechiae which 
covered the chest and extremities of the patient. After cleansing the puri)urie 
area with alcohol, we inserted an ordinarx* 20 gauge needle at an angle almo'it 
parallel wth the skin stirface into the center of the petechial spot, the main 
concern being not to go deeply enough to draw peripheral blood. By gentle 
squeezing, several drops of blood and serum were extrax*a.sated, and using a 
sterile platinum loop, cultures and then smears were made of this material. A 
gram slain vras made immediately, and the presence of numerous gram-negativo 
intracellular diplococci was demon.stratcd fFig. 1). -U approximately eighteen 
hours, a typical colony growth appeawl on the culture medium. On typing, this 
proved to he a true meningocoecu.>>, T> 7 »e I, and identical wth the organism 
later L>o]ated from both the spinal fluid and hIoo<3. 

E.xcept for one slight change in technique, we have followed the alxive pro- 
ce-dure in all patients with a petechial or diffuse macular rai>h. Noting Salanier'.s 
reference to the use of a vaccinostyle to .scarify the purpuric patch, we have in 
recent cases, after making the needle puncture, scratched the skin surface over 
the purpuric area until a slight oozing of blood was obtained. ^ ery light pres- 
sure around the area with the fingers produces sufficient material for culture and 
.several STnears, xrith less likelihood of obtaining peripheral blood. AVe feel that 
best results have bc*cn had with the petechial tx-pe of rash, but positive cultures 
hax'e been obtainc-d from the difiase txqie. 

Table III (column 1) shows that in 27 cases xvc were able to find typical 
gram-negatix'c intracellular diplococci on the .smears, thereby permitting a tenta- 
tixe diagnosis ^rithin thirty minutes after the patient was admitted to the hospi- 
tal. In no case in which the organism was found on the direct sinear from thi* 
purimru did xve fail to culture, identify, and tx*pe the or^rnnbrrn a> meningococeu.n. 
This, we think, is an important point, sinc*e many of the earlier workers did not eo 
l>eyond finding the organlsins on the .stained smeais. In column two (Table III ), 
it Is sho^Ti that eulturc-s from the purpuric le:%ions were positixe in 35, or 87.5 
per cent, of the total cases. Eight ca:>es in which xxe did not find tx 7 )ieal organ- 
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isms on the smear were positive on culture. In these cases suspicions e.\tra- 
cellular bodies resembling single cocci were often seen, but nothing was definite 
enough to report as diagnostic. 

Table III 

SiEEAES AND CULTURES FROM 40 CASES tVlTH PURPURIG LESIONS 



SiIE.UlS OP 
PURPtJR.^ 

CULTURES OP 
PURPURA 

Case 1 

T 

4 

Case 2 

- 

- 

Case 3 

4- 

4 

Case 4 

4 

-r 

Case 0 

- 

T 

Case 6 

- 

- 

Case 7 

- 

4 

Case 8 


4 

Case 9 

- 

- 

Case 10 

- 

- 

Case 11 

4- 

4 - 

Case 12 

4- 

4 

Case 13 

+ 

T 

Case 14 

4 . 

4 

Case 15 

4. 

4 - 

Case 16 

4. 

4 

Case 17 

4 . 

+ 

Case 18 

4 . 

4 

Case 19 

4 . 


Case 20 

- 


Case 21 

4 

4. 

Case 22 

4 

4 

Case 23 

4 


Case 24 1 

4 

4 

Case 25 

- 


Case 26 

4 . 

4 

Case 27 

4 

X 

Case 28 

+ 

+ 

Case 29 

4 

4 

Case 30 

4 

4 

Case 31 


4 

Case 32 


■h 

Case 33 


■h 

Case 34 

_ 


Case 35 

A. 

4- 

Case 36 

+ 

4 - 

Case 37 

4 - 

j. 

Case 38 

4- 

4- 

Case 39 


4 

Case 40 

- 

4 . 

Per Cent Pos. 

67.5 

87.5 


OTHER LABORATORY FINDINGS 
.F. CULTURE BLOOD CULTBEE 
I 7 

+ 

+ 



+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 


+ 

+ 

+ 

. 1 . 

+ 

j- 

+ 

+ 


+ 


S2.2 


4 

4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

4 

4 



♦Slides in this case suspicious but not diagnostic. 

I Meningococci ■were isolated trom aspirated knee fluid in this case. , 

-nr„ , . tour additional cases since 


have isolated the meningococcus from purpura in 
paper was writteiL 


The experience of Coles,* Jliddleton,*® and Kwedar*- in finding the oi-gan- 
isms in ordinary smeai-s of the peifipheral blood should be kept in mind, but then 
cases were unquestionabh^ overwhelming infections, and our experience f 
sllo^vn it to be a dependable method of diagnosis. In several cases after ^ ^ 

meningococci in smears from the purpuric lesions, we have diligently seal 
for organisms on ordinary smears of the peripheral blood, but without success 
A comparative analysis of complete findings, including spinal fluid au^ 
blood cultures, shows that in 40 cases the cultures of the lesions were posih'^ 
in 35, while the blood cultures were positive in only 30 eases. It is interestiUo 
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to note tliat the percentage of positive findings in the cultures of the purpm-a 
is higher than the cultures of either the blood or spinal fluid. However, in 
arriving at comparative values of diagnostic methods, it is important to remem- 
ber that many eases of meningococeic septicemia ivith purpura do not develop 
into spinal meningitis, and in these cases the evidence presented iveighs heavily 
in favor of smears and culture of material from the purpuric lesions (87.5 per 
cent positive purpura and 75 per cent positive blood cultures). Table III also 
shows tivo eases, 4 and 5, in ivliich the material from the purpuric areas furnished 
the only positive diagnosis in the case. In Case 4, typical gram-negative intra- 
cellular diploeocci were found on the smear, and positive cultures ivere obtained. 
Diligent search in Case 5 failed to demonstrate organisms on the smears, but 
cultures showed typical colonies which on typing proved to be meningococci; 
Cultures of the venous blood and spinal fluid done simultaneously, and as in all 
other cases prior to initiation of the treatment, were both negative. The tech- 
nique of making and examining the smears is such that we feel it should in all 
cases be done by the bacteriologist or pathologist and not entrusted to a labora- 
tory technician. 

Table IV 

Types op Meningococci 



NO. CASES C.S.P, 
OR BLOOD 

PER CENT 
TOTAL 

NO. CASES 
PETECHIAE 

PER CENT 

total 

Type I 

153 


34 

97.0 

Type 11 

7 


0 


Type Ila 

2 


0 

y, 

Type IV 

1 

0.6 

1 

2.9 

Did Not Tj'pe 

4 

2.4 

0 

0 

Total Cases 

107 


35 



Table V 


Summary of De.vths and Mortality Bate 


Number of proved meningococeic meningitis and meningococcemia cases 
Number of deaths in this gi'oup 
Mortality rate (per cent) 

Total number of cases, including 15 of undetermined etiology 
Total number of deaths 

Mortality rate (per cent) 



Approximately 75 pier cent of meningococcus infections in this hospital ha'fi 
shotvn some degree of purpura ; therefore it seems veiy likely that an cM’ 
initiation of our piresent method of examining smears and culturing 
extravasated blood and serum from these areas would have afforded a diagnosis 
in some of the 20 eases charted as purpura of undetermined etiology ® 


SPECIFIC TYPES OF MENINGOCOCCI 

In Table IV, we have recorded the specific types of meningococci found ^ 
our series. It is significant that almost all of the cases are classed as Tp pe ^ 
In 153 eases or 91.6 per cent of the total, the organism isolated from the^ ^oo , 
spinal fluid, or both, proved to be Tvqie I meningococcus. In 4 cases, 
cent, we did not type the organisms. Three of these cultures were i 
by agglutination with a poljwalent meningococcus horse serum, and 've 
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at that time have the antisera to do specific tj'pings. In the fourth case, the 
organisms agglutinated when tested ^vith the polyvalent serum, but we were 
unable to obtain a specific type. Of the 35 meningococcus cultures isolated from 
purpuric lesions, 34 or 97 per cent were Type I. 

Cultures of the nasopharjnix were done on 3,S46 meningitis contacts. The 
carrier mte averaged from 16.5 per cent to 23 per cent. 

In Table V, a summary of deaths in both proved and unproved cases is 
given. Ill the 167 diagnosed cases thei-e were only 4 deaths. Two other deaths 
occurred among the cases classed as of unknown etiologj". 

SmtllARY 

1. ^Meningococci were demonstrated in smears from the purpiu'ic lesions 
in 27 or 67.5 per cent of 40 cases of meningococcic infections. On culture, the 
organisms were isolated in 35 or 87.5 per cent. In two cases, this offered the 
only bacteriologic diagnosis. 

2. Positive spinal fluid cultures wei-e obtained in 25 cases of meningitis 
showing clear fluids with normal chemical constituents. 

3. A culture medium for the isolation of the meningococcus is described. 

CONCLUSION'S 

Smears and cultures from purpuric lesions in meningococcemia offer a 
rapid method of diaguosis. Cultures of the purpuric areas proved to be the 
most satisfactoiw diagnostic procedure. 
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T he iise of autologous plasma, clots for the suture of peripheral nerves has 
raised inauy questions eoueerniug the factors which may influence tteir 
physical characteristics.^' - In earlier reports,^- ’ a simple method for measuring 
the tensile strength* of plasma clots was described, and the tensile strength teas 
shown to be roughly proportional to the fibiitiogen content of the pla.snia froa 
which they were formed. This report concerns the results of experimenis 
designed to evaluate the influence of other physical and chemical factors on tee 
tensile strength of plasma clots. 

MATEREVLS AXD 1IETHOD3 

Human venous blood was used in these experiments. It was withdratm 
into a syringe coated tvith mineral oil. Those samples which wei'e used to 
pare unmodified plasma (obtained from blood to v,-hich no anticoagulant n 
added) were transferred to parafiin-lined test tubes packed in ice and then 
centrifuged in '250 c.c. metal cujts filled with iee. Those portions of blood tvhic 
were used for studies of plasma prepared with anticoagulants were placed 
tubes containing measured amounts of the auticoagtflant. After centruugtn= 
at approximately 2.300 revolutions per minute for five minutes, the plasma u..! 
pipetted into test tubes of approximately 8 mm. internal diameter (50 sq. n®. 
cross section) and allowed to clot either spontaneously or upon the addino*^ 
of the specified reagents. The tests of tensile strength were carried out 
clots which were allowed to stand for a minimum time mterval of one hour 
the water bath after complete coagulation had occurred. Tensile stren^i 
determinations were done in at least triplicate on the clots prepared iron- 
each sample of plasma. 

The teelmique used for measitruig the tensile strength of plasma 
essentially that previously described.^ Careful examination of the res ^ ^ 
measurements of the tensile strength of numerous clots prepared from the 
plasma indicated that the scatter was so large that approximately 30 cloi^ 
necessai-v to establish a sianificani mean value. In an 


attemnt to obtain 


agreement between repeated determinations on clots prepared from tne 
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materia], tlie procedure I'oJlowed in preparing and testing the clots was system- 
atically modified to eliminate various susiieeted sources of error. Since the 
tensile strength of plasma clots was found to iiieveaso wlicn more fluid was ex- 
pressed, this effect was standardized by transferring the clot to a watcli glass, 
wliere tJie excess fluid was allowed to drain off. The clot uns touched lepeatedly 
against clean filter i)aper until a partly dry spot remained. It was then sus- 
pended between the jaw.s of a rubber-sleeved Allis clamp fixed to a rigid .sup- 
port. Injury by rough handling in changing weights was diminished by sus- 
pending a paper cup by a silk thread from the lower clip attached to the clot 
and slowly running in water from a burette with an S-siiaped deliveiy tube. 
The tensile strength of the clot was taken as the sum of the weights of the cup 
and clip (10 grams) and the volume of water in cubic centimeters at which the 
clot broke. Tugging or toi-sion on tlie clot during the addition of weiglit.s was 
further reduced by slightly deflecting the string from tlie lower clamp to the 
paper cup over a ball-bearing pulley so that the occasional twisting of the cup 
was not transmitted. Since tlie range of variation in the results wa.s not de- 
creased by these apparent improvements in technique, the varial)ility was con- 
sidered to be a property of the clots themselves rather than an artifact of the 
method of testing. The modifications in the technique of measurement, however, 
were retained because of their conveiiienco. Since averages of groups of 30 or 
more clots wore necessary to obtain significant mean values, it was not practicable 
to obtain large enough samples of blood from individual .subjects to provide 
sufficient plasma to permit the performance of oacli complete experiment on a 
single specimen. It was therefore necessary to liave n mctliod of calculation 
which would avoid undue weighting of the average by determinations on samples 
of plasma yielding e.xccptionalIy strong clots. TJiis was achieved by j'educing 
the absolute values of the tensile strength of pla.sma clots to relative units in a 
scale on which the average tensile strcngtli of tlio unmodified clots from each 
plasma was fixed as 100, Sucli a relative tensile .strength (RTS) was obtained 
by dividing 100 times the absolute tensile strength of each clot by the average 
tensile strength of the unmodified plasma clots prepared from the same blood 
specimen. In tabulating the results of each experiment, the mean RTS was 
calculated for all the clots which were prepared and tested under the same condi- 
tions. The standard deviation and standard error were computed in tlic manner 
suggested by Pearl.® 

EXPERIMENTS 

I. The Effect of the Physical Conditions of Conyulation on the Tensile 
•Strength of Plasma Clots . — 

A. Size of Tube. 

Although the factors and mechanisms determining the tensile strength of 
plasma clots are not entirely understood, an elementary analysis of the physical 
system involved suggests at once that the tensile strength should be proportional 
to the internal cross-sectional area of the tube in which the clot is formed. This 
phenomenon, assumed without proof by Krislenson,® was studied by comparing 
series of unmodified clots prepared in tubes of tlirec different diameters. For 
each specimen of plasma, the average strength of the clots formed in tubes of 
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8 nun. diameter ivas used as a basis for calculating the RTS of the clots formed 
from the same plasma in tubes of different diameter. The results of these experi- 
ments are sho-svn in Table I, from which it is clear that the mean RTS per 
square mm. of clot is constant within limits of experimental error when the area 
of the tube varies through a range of 300 per cent. 

B. Temperature. 

To detemime whether variation in temperature during incuhation and 
measurement could account for some of the observed variations in the tensile 
strength of clots prepared from the same sample of plasma, a series of clots 
were prepared and measured in a constant temperature room at 37° C. For tins 
purpose a single specimen of sodium citrate plasma ivas used, and the clots 
formed by the addition of diy calcium cMoride. All glassware, reagents, and 
plasma were brought to 37° C. before coagulation was begun and kept at that 
temperature throughout the entire experiment. The tensile strength of these 
clots showed the same amount of variation as clots prepared and tested by the 
usual method. 

Table I 

The Effect op the Cross sectioxal Area op the Tube in Which Piasma Clots Abt 
Forjied ox Their Texsile Strexgtii 


XUilBER OF 
CLOTS TESTED 

INTERNAL 
DIAMETER OF 
TUBE 

CROSS-SECTIOX- 
AL AREA OP 

TUBE 

AIEAX ETS 

„ STAXDAHU 

MEAX RTS PERjjjppg OP ilEAX 
SQUARE jjrjig P£P_ SQC.Ua: 

AIILLIAIETER yiLlIAIEnT. 

39 

8.0 mm. 

50 mm.2 

100 

2.00 

0.07 

37 

10.3 mm. 

87 mm.2 

192 

2.21 

0.11 

29 

14.0 mm. 

154 mm.2 

284 

1.84 

0.11 


Table H 

The Effect of the Teaeperature at Which Plasaia Clots Are Eoraied ox Their TessM 

Strexgth 


XUAIBER OF CLOTS TESTED 

TEAIPERATURE " C. 

ETS 

STAXD.LRD 

33 

37 

100 


34 

20 

80 


63 

37 

100 


62 

10 

67 



3.1 
3.8 
3.3 

3.2 


To study the effect of slowing coagulation by lowering the 
series of experiments xvas carried out on unmodified plasma. The RTS o c 
formed at 10° C. and 20° C. xvas computed by taking the average tensile 
of clots formed at 37° C. as 100. At the lower temperatures, the rate of 


tion was greatly retarded and was found to vary markedly from 


tube to tube. 


At 37° C. coagulation was 


iiu Avas lounu lo imry iiiarL.eujj' ^ jj. 

usually complete in 20 to 30 minutes, at t 


usually required 2 to 3 hoiu's and at 10° C., 20 to 24 hom’S. In S® 
clots were allmved to stand for several houi-s after coagulation appeare 
plete, but because of the vmeertainty as to whether the process ivas comp e ^ .. 
expressed senmi ivas incubated at 37° C. and the determination discai 
further coagulation occurred. The results of these experiments shown 
II indicate a definite reduction in RTS ivhen the clots are slowly forme 
lower temperatures, 
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C. Nature of Surface of Tube in AVliicli Coagulation Occurs. 

It is well known that the beginning of coagulation in shed blood is markedly- 
delayed when the blood is collected in a paraffin-lined vessel/ and this 
phenomenon has been applied in the pi-eparation of unmodified plasma clots for 
nerve suture** ^ and tensile strength studies.^- * To evaluate the effect of the 
surface of tube in which the clots are formed on their tensile strength, a series 
of unmodified plasma clots was prepared in tubes wliose inner surfaces were 
coated ndth thin layei’s of paraffin, latex, and colloidal gi'aphite (aqiiadag). 

It was noted in these experiments as in most of the other studies on un- 
modified plasma, that the coagulation time varied greatly from clot to clot in 
each series prepared under the same conditions from the same plasma. In 
general, however, the clots in rubber or latex-lined tubes formed somewhat more 
slowly and those in the aquadag-lined tubes more rapidly than those prepared 
in plain glass tubes. Tiic relative tensile streiigtli of these clots was computed 
by taking the average value of the tensile strengtli of the clots fomed from 
each plasma in plain glass tubes as 100. 

The results of these experiments arc shown in Table III. It is clear that 
within the range of experimental error, the nature of the surface of the tubes 
in which the clots were formed had little influence on their tensile strength. 


Table III 

The Effect of the Lining of the Tobb in Which Plasma Clots Are Formed Upon Their 
Tensile STRENCin 


NUMBER OF CLOTS TESTED 

LINING OF TUBE 

ME.\N RTS 

STAND.VRD ERROR 

50 

Glass 

100 

2.8 

40 

Late.x 

117 

6.1 

32 

Paraffin 

102 

6.0 

32 

Grapbito 

(aquadag) 

S4 

6.2 


D. Time. 

The effect of the period of incubation upon tlie tensile strength of plasma 
clots may he important in relation to their suitability as nerve suture material, 
since if the clots rapidly deteriorate before fibrous tissue replacement has oc- 
curred, then the nerve ends may separate. In an earlier report, it was con- 
cluded that unmodified plasma clots formed in glass tubes reach their maximum 
strength about twenty minutes after the beginning of coagulation. In these 
experiments the beginning of coagulation was determined by tipping the tube 
at short intervals, noting the time when the plasma failed to flow (tip test). 
Further study has shown that if the lubes are not agitated, and the end point 
of coagulation is determined by the appearance of turbidity, there is much 
variation in the coagulation time among different samples of the same plasma and 
also in the time required for complete coagulation To investigate this 
phenomenon further, 22 one c.c. samples of tJie same chilled unmodified plasma 
were placed in a water bath at 37® C. At short intervals these tubes were in- 
spected without agitation, and those in which coagulation appeared to be com- 
plete as judged by the attainment of maximum turbidity were removed and 
tested for tensile strength. It was found that among tlie tubes in whicii opacity 
appeared to be maximal, most of the clots which were examined within the first 
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forty minutes siioAved evidence of incomplete coagulation either by .sacklike:.o 
of the clots or by the spontaneous coagulation of the expressed fluid, -tr 
those clots which did not show the signs of incomplete coagulation, no signit.: 
dift’crence in the tensile strength was observed between those clots isca'^t 
twenty minutes and those incubated for longer intervabs up to one Imndiric. 
forty minutes. 



TIME - DAYS 

FIG. 1 - CHANGE IN TENSILE STRENGTH OF PLASMA CLOTS WITH TlVi 

To study the change in tensile strength of plasma clots on longo''-‘‘' 
it was necessary to take precautions against bacterial contamination 
the loss of water and dissolved gases by evaporation from the surlat^- • 
this, clots were prepared from unmodified plasma obtained under aseP'‘', 
tions and placed in sterile test tubes into which a sterile cotton plug 
melted paraffin was pushed to within about 1 cm. of the surface of 
The tubes were then closed with sterile corks and sealed with paraffin- 
batches of plasma handled in this way and incubated at 37° C., tripl*^"' 
strength determinations were done at the beginning of tire experiwf®*' 
various time intervals thereafter. The RTS was calculated using 
tensile strength for the clots from each plasma at the beginning of 
nient as 100. The results are shovui graphically in Pig. i. In spite 
scatter of individual determinations, it is clear that the tensile sP'- 
dines rapidly within the fii-st 24 hours reaching a value 50 to 60 
initial strength and then falling more slowly to about 20 per cent of'" 
value at the end of eight days. Partial lysis was noted in some of 
the end of the fourth day. 
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II. The Effect of Tissue Extracts on the Tensile titrenr/th of Plasma. Clots . — 
Extracts of mammalian tissue contain .substances, probably lipoprotein in 
nature, wliich accelerate the coagulation of fresh blood or plasma. The exact 
mechanism of their action is uncertain, but it is known that in the presence of 
calcium ions, they accelerate the convei'sion of prothrombin to thrombin which 
in turn catalyzes the convei’sion of fibrinogen to fibrin.' 

Since lung and muscle extract hav'e been added to tlie vunnodified plasm, i 
used in some of the studies on plasma clot suture,- the effect of these substances 
on the strength of clots was investigated. Tissue extracts were prepared by 
thoroughly grinding fresh human, dog, or rabbit lung or muscle in a mortar with 
clean sand and centrifuging the mixture. The supernatant fluid then was re- 
moved and used undiluted, or diluted five and ten times with Ringer's or normal 
saline solution. In testing these preparations, one drop was added to one c.e. 
of chilled unmodified plasma. The results of the tensile strength determina- 
tions are shown in Table IV. 

Table IV 

The Effect ok Muscle and Luko Extract os tub Relative Tensile Strexcth of 
Plasma Ciaits* 


TYI‘B OP 
PbXSUA 

COAOULATINQ AQEKT 

NUMBER or 
SAMW/ES 

OP PLASMA 

NUMBER OF 
CLOTS 
TESTED 

MEAN KTS 

STANDAIU) 

EIIBOK 

Unmodified 

None 

Vi 

30 

100 

2.5 

Unmodified 

JIuscle extract 

12 

51 

72 

4.8 

Unmodified 

Mu&cio extract 
diluted 1:5 

12 

31 

83. 

3.0 

Unmodified 

Muscle extract 
diluted 1:10 

12 

41 

S7 

4.9 

Unmodified 

Lung extract 

12 

36 

34 

3.9 

Unmodified 

Lung extract 
diluted 1:5 

12 

36 

CO 

3.9 

Unmodified 

Lung extract 
diluted 1;I0 

12 

29 

78 

6.1 


•The Jata presented lu the above table aie not stiictly conipaiable to those piesented 
In Tables V and VI, since but one ilrop of muscle or lung cxtiact wus added to the unmodified 
plasma. Hence the dilution factor In these expcuments with muscle and lung extract u* 
negligible. 

The muscle and lung extracts weie diluted with either Hinger’s oi nnimal saline solution. 

The coagulation accelerating tissue extracts all tended to weaken tlie clots 
produced from unmodified plasma, an effect more maiked with lung extract, 
which produced more acceleration of coagulation than muscle extract. Tliat tlie 
effect is not due entirely to the increased coagulation rate is indicated by the 
finding that the diluted extracts, which had about the same effect on the rate 
of coagulation, weakened the clots lcs.s than the more concentrated ones. 

III. 7’he Effect of Aiiiicoiiynlaiif}: on the Tensile Strength of Fhtsma Clots . — 

A. Decalcifying .iVnticoaguIants. 

The most commonly used anticoagulants arc tlie soluble salts of citric and 
oxalic acid which prevent coagulation by removing calcium ions from solution, 
Plasma prepared by centrifuging blood treated with these anticoagulants may bo 
recoagulated by the addition of suitable amounts of soluble ionized calcium salts. 

Solutions isotonic with blood ])lasma were used, since other concentrations 
would produce a shift of water between the red lilood cells and the plasma until 
equilibrium was re-established. 
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1. Sodium Citrate. 

A 3.8 per cent solution of hydrated sodium citrate is isotonic with blood 
plasma. Preliminary trials of several different blood samples containing vary- 
ing amounts of sodium citrate indicated that one part of citrate to 19 parts of 
whole blood is a safe anticoagulant for most specimens and that one part to 14 
of whole blood is safe for all bloods examined. These figures, representing 0.14 
per cent to 0.18 per cent anhydrous sodium citrate in the final mixture, are in 
good agreement with those (0.15 per cent to 0.20 per cent) reported as minimal 
anticoagulant concentrations in tlie literature.® 


The minimal amount of calcium chloride necessary to coagulate eitrated 
plasma may be calculated from the theoretical studies of Eansemeier and 
McLean,® but since more than minimal amounts are probably optimal, the data 
of Nygaard^® were used as a starting point. A rough calculation from these 
data suggests that 0.1 c.e. of a 0.5 per cent to 2.5 per cent solution of CaOlj -.211,0 
should act as a convenient and effective coagulant. 

Citrated plasma was prepared from the blood of each of two healthy noimal 
adults using one pai-t of a 3.8 per cent sodium citrate solution to 19 parts of 
blood. Nine-tenths c.c. portion of this plasma was niLxed in each tube with 
0.1 c.c. of a solution of calcium chloride of 0.5, 1.0, 1.5, 2.0, or 2.5 per cent. At 
least three clots were prepared at each calcium chloride concentration. The 
tensile strength was determined on these clots and on unmodified clots prepared 
from each sample of plasma. The RTS was calculated. As was expected from 
Nygaard’s observations, no significant difference was noted between the dots 
prepared with the different amounts of calcium chloride. 


A similar experiment was carried out using a fixed amount of calcium 
chloride and vai-ying the concentration of the sodium citrate solution from o 
volumes to 11 volumes per cent. Here the larger concentration of citrate seemed 
to give somewhat weaker clots, but the difference was not large compared with 
the difference between triplicates of the same sample. 


On the basis of these two experiments, it was considered that slight difim'- 
enees in citrate concentration such as might occur as a result of unusually high 
or low hematocrit values would be unlikely to cause significant differences m 
plasma clot tensile strength, and that small differences in the propoition of 
calcium chloride to sodiimi citrate would also have relatively little effect. 


2. Potassium and Ammonium Oxalate. 

A 1.6 per cent solution of a mixture of 4 parts of dry potassium oxalate and 
6 parts of dry ammonium oxalate is isotonic with blood plasma. Preliminai}^ 
trials of this solution with different proportions of whole blood indicated thai- 
one pai’t of the oxalate solution is a safe anticoagulant for 19 parts of bloo • 
Calculations show that this figure corresponds closely to Scott and Cham 
lain’s^^ value which represents four times the amount necessary to combine v) 
the plasma calcium. Experiments with oxalate solution similar to those 
out ufith the citrate solution gave analogous results. AVhen, however, 1 pni 
oxalate solution was added to 9 parts of blood, clotting occurred althoug i 
clots were very weak. 
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To study in detail tlie KTS of clots pTcparcd from rcealeified plasma, uin 
modified, citratod, and oxaiated plasmas were prepared from the Idood of eacli 
of ten subjects. Isotonic potassium and ammonium oxalate solution was used in 
the proportion of one paid to 19 parts of blood- Isotonic sodium citrate solution 
was used in the propoi’tious of one part to 14 parts and one part to 19 parts of 
blood. One-tcuth c.c of 2 per cent calcium eldorido solution was added to 0.9 
e.e, of chilled plasma containing the anticoagulant and mixed by inverting the 
test tube three times against a clean cork. The RTS of the resulting clots irere 
determined. 

To evaluate the effect of the dilution of the plasma by the added reagents, a 
scries of dotennination.s of RTS was done on additional groups of clots pre- 
pared from unmodified plasma (o which isotonic sodium chloride solution was 
added in the pi'oportiou of 10 per cent and 20 per cent of the final volume. As 
a further control, the RTS was determiiicd on a scries of clots prepared from 
unmodified [ilasma (o wliieli the eilrale and oxalate sabs liad been added in dried 
form in the same proportions in which they would occur in plasma obtained from 
blood to ivhicli one part of isotonic anticoagulant solution bad been added for 
each 14 parts of blood. These idasma.s were coagulated by adding 1 c.o. portions 
to test tubes containing the calcium chloride dried from 0.1 c.o. of a 2 per cent 
.solution. The results of all the .slHdie.s' on decalcifying anlicoaguJants and dilu- 
tion controls arc aiiown in Table V, 

When an i.sotouic solution of an anlicoagulant salt i.s added to whole blood, 
the pla.snm is diluted by it. It may be easily calculated* that clots prepared 
fi'om 0.9 c.c. of such plasma and 0.1 c.c of calcium chloride solution contain 
fibrinogen, and other solids present in only about O.S c.c, of original blood plasma 
and their mean RTS may, therefore, be expected to he about 20 per cent less 
than that of clots prepared from unmodified plasma.' In Table V it is seen that 
the clots prepared from unmodified p!a.sma diluted with 20 per cent of saline 
solution averaged 27 per cent weaker, while the cifralcd clots were 21 per cent 
weaker, and the oxalatcd clots 30 per cent weaker than clots prepared from un- 
modified plasma. The standard errors of the.se results are large enough so that 
it cannot bo concluded that any of these values is significantly different from the 
20 per cent weakening eficet expected as the result of dilution alone. 

For citrated plasma clots, this interpretation is further strengthened by 
the finding that unmodified plasma stabilized by the addition of dr>’ sodium 
citrate and coagulated by the addition of dry ealciura chloride gave clots whose 
mean RTS was not significantly different from 100. the mean RTS of the iminodi- 
fied clots. 

On the other hand, the elots prepared from unmodified plasma treated 
w’itli di-y potassium ammonium oxalate and dry calcium chloride had a mean 
RTS 14 per cent le.ss than that of the unmodified clots. Since the standard 

0.9 c c, X volume of plasma 

•Ti)D volume of oliffJnal plasma In the final 1 c.c. clot Is ^oJumc" of plasma + volume of 

antlcoa^laut. 

The volume of plasma equals volume of Wood x (J - hematocrit). With a hematoent of O.-la; 

0.9 c.c < (14 X 0 5.11 

1 c.c. of anticoagulant to 14 c.c. of blood f;lrea: ~ q ~ s^"f+ ‘f — ~ O.SO c c. 

1 c.c. of anticoagnlant to 19 c,c. of htood gtvea: ~ Q.S2 c.c. 
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error is 5.1 per cent, this may be considered as representing a small but definite 
weakening effect due to the oxalate, possibly caused by the presence of crystals 
of calcium oxalate among the fibei-s of the clot. 

B. The Use of Heparin as an Anticoagulant. 

The anticoagulant action of heparin has recently been reviewed by Quick,' 
who summarizes as follows: “first, it prevents the liberation of thromboplastin 
from platelets ; second, it pi’events, with the aid of a plasma co-factor, the con- 
version of prothrombin into thrombin; and third, it forms with serum albumin 
a strong antithrombin. ’ ’ Thus, heparin, by acting as an inhibitor of coagulation 
at three successive stages of the clotting process, is admirably suited for the role 
for which it has often been suggested, but never conclusively proved — that of the 
nonnal physiologic anticoagulant.'* For our purposes, it has , the added 
advantage of being extremely potent in small amounts. 


Table V 

The Effect op Eecalcificatiox op Citpated and Ox^auvted Plasjia axd op Dilotiox With 
S.AUXE SOLUTIOX ox THE RELATIVE TEXSILE STP.EXGTH OP CLOTS 


TYPE OF PLASMA 

RECALCIPTED OR 
DILUTED ■WITH 

NUMBER OF 
SAMPLES OP 
PLASMA 

NUMBER OP 
CLOTS 
TESTED 

MEAN 

ETS 

STAXD-U® 

EKROB 

Unmodified 

Nothing 

10 

46 

100 

2.8 

Sodium citrate (1:20) 

0.1 c.c. of 2 per cent 
calcium chloride 

8 

31 

73 

5.6 

Sodium citrate (1:15) 

0.1 c.c. of 2 per cent 
calcium chloride 

10 

39 

83 

e.6 

Sodium citrate (1:15 
or 1:20) 

0.1 c.c. of 2 per cent 
calcium chloride 

10 

70 

79 

4.3 

Ammonium and potas- 
sium oxalate solution 
(1:20) 

0.1 c.c. of 2 per cent 
calcium chloride 

10 

40 

70 

4.3 

Unmodified 

Nocliing 

16 

87 

100 

2.9 

Unmodified 

0.1 c.e. of isotonic 
sodium cMoride 

11 

60 

89 

4.4 

Unmodified 

0.2 c.c. of isotonic 
podium chloride 

13 

79 

73 


Unmodified 

Nothing 

5 

35 

100 

4.4 

Unmodified dry sodium 
citrate 

2 mg. dry calcium 
chloride 

5 

40 

97 

0.3 

Unmodified dry am- 
monium and potassium 
oxalate 

2 mg. dry calcium 
clxloride 

5 

38 

86 

0.1 


Preliminaiy tests of a 1 per cent solution of the sodium salt of heparin 
(Liquaemin: Eoehe) indicated that while 0.01 mg./c.c. of blood is adequate to 
prevent coagulation of some specimens, 0.05 mg./c.c. is necessary for a safe anti- 
coagulant effect, and this amomit w*as used in all subsequent experiments. 

To coagulate heparinized plasma, one must either supply an excess ot 
thrombin, or else neutralize the heparin so that the normal coagulation iiiecha 
nism can operate. Both methods Avere studied. 

1. Coagulation of Heparinized Plasma by' the Addition of Rabbit “Clottins 
Globulin. ' ’ , 

“Clotting Globulin” (Lederle)* is derived from rabbit plasma, and it ia» 
been demonstrated to have the properties of thrombin.^^* It is supplie<i m ^ 
10 per cent solution Avhieh contains a preservative. 


'Kindly supplied by the Lederle Laboratories. 
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In exploratory experiments with varying amounts of globulin as the eo- 
agulating agent for heparinized plasma, it was found that 0.1 c.c. of tlie stock 
10 per cent solution added to 0.9 c.e, of heparinized plasma or 0.05 c.c. of the 
solution mixed with 0.95 e.e. of plasma gave clots which were up to 50 per cent 
weaker than the av’erage clot pix*pai*ed from umnodilied plasma. OnsAGnth c.c. 
of a 2 per cent solution to 0.9 c.c. of plasma yielded clots from 20 per cent to 
SO per cent weaker than unmodified plasma clots, and 0.05 c.c. of 2 per cent 
solution added to 0.95 c.o. of plasma multed in clots wliich were so weak and 
friable that their strength could not he measured. 

Unmodified plasma and heparinized plasma (0.0r> c.o. of 1 per cent solution 
of liquaeniiu to 10 c.c. of blood) were prepared from blood taken from each of ten 
patients. Nine-tenths c e. of heparinized pla.snu( was coagulated with 0.05 c.c. 
or 0.1 c.c. of 10 per cent “Clotting (llobnliu" .solution. Unmodified clots were 
prepared as usual. The tensile strengths were mca.sured and the RTS caJeulated. 
The results are shown in Table VI. 


Table VT 


Tub Eerrcr or Pvubit “Cbottixo Olobd.j.v'' .v.vi> PxOTAiiixr Svir .\ Ti : ux tub Relative 
Tensile STaeNGTit or Heparinized Pl.\sua Clots* 


TYPE or 
I'WSHA 

NUATBEROP XUifBER OK 

e0AQUL.\TlNG AGENT SAMPLES CLOTS 

OF TLASMA TESTED 

MEAN 

PTS 

STANDAllD 

EREOIt 

Unmodified 

None 

10 

40 

100 

2.8 

Hepannuoil 

‘‘Clotting Globuhn” 0.05 <'.c. 


12 

GO 

12.Q 

Hepnriaized 

•‘Ciotcing Globuhn" 0.1 cc. 

7 

’JH 

57 

0.2 

HepRTmited 

‘'Clotting Glolmlm" 0-05 c.c. 

30 

40 

58 

6.3 


or O.I c.c. 





Unmodified 


10 

54 

100 

4.0 

Heoannized 

Piotamlnc sulfate O.J mg. 

in 

41 

100 

3.1 

Hcparinjzed 

I’rotnmine sulfate 0.325 mg. 

10 

41 

100 

6.0 

Hoparmizod 

Protamine sulfate 0.15 mg- 

5 

20 

102 

G.O 

Hvp/iiinized 

Protanuno sulfate 0.1, 0.125 

10 

302 

101 

3.0 


or 0.15 ififf. 






•TJie finui volume of all clots was 1 c.c. 


2. Coagulation ot Heparinized Plasma by Means of Protamine Sulfate. 

In attempts to o)>tain an antieoagniaiit wiili prolonged action, Chargaff 
and Olson'^ precipitated heparin with piotaminc sulfate but found that its effect 
wa.s completely neutralized. In further studies they siiowed that protamine 
•sulfate IS cupalile of neutralizing the anticoagulant effect of Iveparin both in 
vitro and in vivo Frotiimine .sulfate, thei’cfore, scorned a suitable reagent for 
removing heparin to permit coagulation to occur in a normal way. (Protamine 
sulfate itself i.s a weak inhibitor of coagulation’^ rather than a coagulant.) 

To determine optimal conditions, varying amounts of protamine sulfate 
were added m 0.1 c.c. of water to 0.9 c.e. of heparinized j>lasma in a water bath 
at 37® 0., and coagulation or its abseuce was noted at intervals. It was found 
that with 0.09 mg. of protamine .sulfate or less, coagulation was markedly de- 
layed or prevented, while with 0.1 mg. dr more, coagulation wa.s about as rapid 
as in unmodified blood. 

Unmodified pla.sma and heparinized plasma were prepared from blood 
drawn from each of ton patients. Nine-tenths e.e. .sample of heparinized 
pla.sma was coagulated in quadruplicate with 0.1 c.c. of aqueous .solutions con- 
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taining 0.10, 0.12, and 0.15 mg. of protamine sulfate respectively. The fiTS 
of the clots were determined (Table VI). 

The volume and molar concentration of heparin used as an anticoagulant in 
our experiment was so small that it introduced no significant dilution, but the 
added coagulating agents produced a slight but definite dilution — 5 per cent in 
the experiment with 0.05 c.e. of “Globulin” solution, 10 per cent in all other 
experiments. The clots prepared from heparinized plasma coagulated with 
rabbit “Globulin” had a mean RTS about 40 per cent less than that of the 
clots prepared from unmodified plasma and must be considered significantly 
wealrer than the latter. 

On the other hand, the clots prepared by neutralizing the heparin with 
protamine sulfate had a mean RTS which was the same as that of the unmodified 
clots and slightly but significant^ higher than the mean RTS of the clots pre- 
pared from unmodified plasma diluted ■with a corresponding volume of saline. 


DISCUSSION 

Some of the implications of the results of our studies concerning the in- 
fiuence of various factors on the tensile strength of plasma clots are clear. As 
would be expected, the mean relative tensile strength is proportional to the cross- 
sectional area of the tube in which the clot is formed, and inversely proportional 
to the amount of dilution of the plasma by saline solution. These findings are 
consistent with the previous observation^ that clots of the same size prepared 
from different specimens of plasma have tensile strengths roughly proportional 
to their fibidnogen concentration. 

The mean RTS of plasma clots is slightly decreased by the addition of small 
amounts of muscle extract, and by lowering the temperature from 37° C. to 20 
0., while it is slightly increased in latex-lined tubes as compared ivith glass 
tubes. Insofar as these compensating factors are concerned, it is likely that the 
tensile strength of plasma clots in vivo is similar to that observed in vitro. It 
is significant, however, that the clots in vitro show' a definite weakening on stand- 
ing even w'hen contamination, and evaporation of dissolved gases is prevented. 

Some conclusions may be drawm as to the suitability of various types of 
anticoagulants and coagulants for the preparation of plasma clots for surgica 
use. The findings on the mean RTS of clots prepared by the recalcifieation o 
citrated plasma are consistent wdth the concept that sodium citrate solution m 
suitable concentration exercises no effect on the RTS of plasma clots other than 
that of simple dilution. Since it has been shown that within a fairly ivide range 
the RTS is independent of the volume of citrate solution used as the aiitieoagu 
lant and the amount of calcium chloride used to coagulate the plasma, and since 
sterile sodium citrate solution is so readily available wherever surgery is pei 
formed, citrated plasma clots w'ould seem to be worthy of further investigation. 

The clots prepared by the recalcifieation of oxalated plasma have a 
RTS slightly but definitely lower than wmuld be predicted as a result of simp 
dilution. Although this effect is small as compared to the differences 
some of the individual clots in the series, the presence of calcium oxalate crys 
in the clots and the absence of any theoretical or practical advantage of o^a a 
over citrate suggest that oxalated plasma is an unsuitable source of clots. 
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When heparin is used as the anticoagvilant, the plasma dots prepared by 
the addition o£ the thromhin-like snbstance from the giobnlin fraction of rabbit 
plasma had a nicati I5TS definitely lower tlnui that expected as a result of dilu- 
tion alone, JEoreovcr, the fact that they coutam relatively large amounts of 
rabbit protein might make such clots undesirable. 

AVheii protamine sulfate solntion is used to inactivate the heparin in 
hepariuked plasma and permit tlie normal coagulation mechajiism to operate, 
the resulting plasma clots have a mean RTS approximately equal to that of 
unmodified plasma. Since the volume and molar concentration of the heparin- 
protamine sulfate solutions are so low, the heparin-protamine plasma clots may 
he considered chemically most similar to unmodified clots and are certainly well 
worthy of further study in connection rcith their surgical use. 

The fibrin dot in mammalian blood plasma forms when, as a result of the 
catalytic action of throrahin, the soluble protein fibrinogen changes to the in- 
soluble protein fibrin which then precipitates out of solution.' Plasma dots 
have been found, by microscopic e.xaminatioii, to be composed of interlocking 
needles,' and by .x-ray spectrography, each needle iws been shown to be built 
up in a definite crystal structure out of regularly oiientcd molecules.’'' ” Thus 
far, however, no information is available from which it is possible to detemine 
definitely whether the breaking of a clot under tension is tljo result of the rup- 
ture of needles in the fibrin mesh or of the separation of the individual fibers. 
In the 0110 ease the orientation of individual molecules in a fiber, in the other 
the orientation of fibers in tlic mesh, would be the important factor in determin- 
ing the tensile stvengtli of a clot. It is possible that both factors are itivolved. 

Attempts to eliminate the factor of variahiUty when determining tensile 
strengtli by modifying tlic method of preparing and testing the dots were un- 
successful, For this reason the variability may have to be considered as an 
intrinsic property of tlie clots. It is a common observation in testing the elastic 
and mechanical properties of many snbstances that their stress-strain curves 
rise smoothly up to the neighborhood of the breaking point where they change 
their direction sharply. It such a phenomenon occurs in our dots, the measure- 
ment of their tensile strength is complicated by changes occurring during the 
breaking process. Accurate stress-strain curves are necessaiy to determine how 
important this type of phenomenon is in causing the variability of our data. 
On the other liand, the variability in the tensile strengths of plasma clots may 
also he affected by the complexity of the mechanism of fibrin formation and the 
conditions of its precipitation. 

The rate of thrombin fomatiou may conceivably play an important role. 
Quick' has pointed out that the amount of thrombin required to coagulate plasma 
in five minutes is only slightly greater than that required to produce the same 
effect in several hours. Nygaard’" by means of photoelectric studies on the co- 
agulation of reealcified citrated plasma has shown that the duration of the 
period of fibrin formation increases when the time for fiie onset of coagulation 
is prolonged. This means that relatively minute differences in the rate of con- 
version of prothrombin to thrombin such as might bo caused by minor differences 
in the amount of incidental injury to platelets in pipetting and manipulation 
may cause marked differences in the time required for the conversion of 
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fibrinogen to fibrin, perhai^s ivith corresponding differences in the structure and 
arrangement of the fibrin strands, and consequently in the tensile strength of 
the clot. 

It is known that the pattern of crystallization of cupric chloride as a re- 
sult of the drying of solutions mixed with heinolyzed blood varies remarkably 
with the blood of different individuals in different pathologic states.'®’^® It 
would, therefore, not be surprising should the pattern of crytallization of the 
very much more complex fibrin molecule be found to be even more sensitive to as 
yet undetermined factors in the blood plasma. 

smniARY 

1. The mean tensile strength of plasma clots is proportional to the cross- 
sectional area of the tubes in which they are formed. 

2. The nature of the surface of the test tube in which clots are formed in- 
fluences the tensile strength of the plasma clots to a slight extent. 

3. The mean relative tensile strength of plasma clots formed at 10° C. and 
20° C. is lower than that of clots formed at 37° C. 

4. Plasma clots incubated aseptieally at 37° C. with precautions against 
evaporation of fluids and dissolved gases gradually weakened during a testing 
period of eight days. 

5. By a comparison of the tensile strengths of groups of clots prepared 
from {uiticoagulaut-eontaining plasmas bj- adding appropriate amounts oi 
coagulants with the strengths of unmodified plasma clots prepared from the same 
blood samples, it has been demonstrated that : 

A. Clots prepared from unmodified plasma diluted with saline solution 
are weakened approximately in proportion to the amount of dilution. 

B. Clots prepared from unmodified plasma to which muscle and lung ex- 
tract are added coagulate more rapidly than the controls, but are weakened b\ 
more than the dilution factor. Lung extract reduces the tensile strength nioie 
than muscle extract. 

C. Clots prepared by recalcifying plasma obtained from citrated blood 
are weakened to an extent roughly proportional to the dilution of the plasnm- 
Clots prepared by adding suitable amounts of the citrate and calcium chloii e 
in diy form to uimiodified plasma are as strong as those prepared from un 
modified plasma. 

D. Clots prepared by recalcifying plasma obtained from oxalated b oo 
are weakened to a slightly greater degree than would be expected on the bax'S 
of dilution alone. Plasma to which oxalate and calcium chloride were a e 
in dry form also yields clots which are weaker than their controls. 

E. Clots prepared by adding rabbit “Globulin” to the plasma obtained tiom 
heparinized blood are weaker than would be expected as a result of dilution- 

P. Clots prepared b.v adding protamine sulfate solution to the plasma o 
tained from heparinized blood show no weakening as compared to the contio s. 

We ire grateful to Dr. A. S. W'iener for much helpful crlUcism. Thanks are also 
to Dr. A. E. Sobel and Dr. H. Wagreich for their help. 
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LABORATORY METHODS 


QENERAL 


APPARATUS FOR CONSTANT RATE INTRAVENOUS INJECTION OF 
ULTRA SHORT-ACTING ANESTHETICS IN MICE’* 

Miles H. Robinson, M.D., Nashville, Tenn. 

•y HE apparatus to be described, consisting of a mouse holder and injection 
^ mac line, was designed to facilitate constant rate intravenous injections in 
mice M ultra-short-acting anesthetics. The mouse holder (Pig. 1) is modified 
^ design and consists of a wire and metal cage, hinged at the 
oiwai end ( 1 ) and held down at the rear by a lug (.3) on the right side. The 
lont IS closed by a plate which adjusts lengthwise for different sized mice, and 
le ae v is made of another plate soldered to the cage and providing a hole for 
le tail. The mouse holder is mounted on a paraffined Avood block, which is 
suppoited by a 7 inch length of % inch threaded iron pipe. Screived over the 
pipe are tivo flanges, one facing upivard and attached to the wood block by 
screws, and the other^ (5) facing dowmvard and resting on the table top. The 
leigit of the holder is adjustable by'^ screwing the bottom flange up or down, 
w 11 e iigidity is insured by a washer and nut on the pipe projecting beneath the 
table. Ordinarily a height is used which will just allmv a 150 c.c. beaker be- 
neath the tail of the mouse. It is our experience that immersing the tail for 
about one-half minute in Avater at 45° C. gives the best dilatation of tail veins. 

The injection machines described in the literature are not veiy .satisfae- 
toiy foi the ultra short-acting anesthetics because of the presence of one or more 
0 jectionable features; namely, pulsating flcAA', uncertain control of rate, lack of 
proAusion for continuous variation betAveen different rates over a Avide speed 
range, and the difficulty of adaptation of the machine so that large numbers of 
mice can be easily and ciuickly injected Avith small accurately measured volumes. 

^ The present machine (Pig. 1) consists of a source of poAimr, variable speed 
dcAuce, flexible drive, sci’caa^ and syringe clamp. An inexpensive rim-drii’C 
phonograph turntable, AA'hieh conies complete Avith synehiunous motor, .supplies 
the poAA'er. The turntable ( 19 ), from Avhich the felt Avas removed by soalung ia 
hot AAmter, supports a steel A\dieel ( 18 ), on the rounded rim of AA'hich is cemented 
a Avide inibber band ( 16 ). The axle ( 15 ) of this AAdieel rests in open slot brass 
bearings ( 14 , 17 ) on each side of the turntable, and these slots are adjustable 
vertically to permit the use of different sized wheels. A % inch length of 
speedom eter cable ( 12 ) is SAveated into tAvo sleeves, one of which ( 13 ) receives 

♦From the Department of Pharmacology of the Vanderbilt University School of Jlcdicme- 
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the axle, while the other { 11 ) slips over a short steel rod which is snugly fitted 
inside a double row ball bearing { 10 ). This bearing (Fafnir No. 5200), Fig. 2, 
is held by a setscrew inside a piece of steel pipe, which is counterbored to let the 
bearing in against a shoulder and tapped beneath for a supporting rod adjust- 
able for height. 

In the syringe clamp and screw assembly (Fig. 3), the plunger of a 14 
syringe is driven by a screw connected to the rod ivithin the ball bearing by a 
1 foot length of fairly stiff flexible cable (7 in Fig. 1), held at each end in cliuclcs 
{ 6 , 9 in Fig. 1). Cable and chucks are Ceneo No. 18812. The screiv, 32 threads 
per inch, runs through a thread and is steadied by a small brass bearing. The 
.syringe is held in a brass clamp which is fastened to the screw mechanism by two 
laiurled nuts. A small spring bears lightly against the shaft of the plunger and 
helps to hold the latter fixed after adjustment of the dose has been made. Re- 
moval of the Imurled nuts permits the syringe with its clamp to be detached for 
cleaning without disturbing the alignment, and with additional clamps, rapid 
interchange of several syringes containing different solutions is facilitated. 



Fig:. 2. — Cross section view of ball bearing, support, and drive shaft connections. 


The position of the injection machine platform relative to the mouse ho er 
is adjusted so that the flexible cable (7) lies in a quarter circle. This 
right hand to lie under the cable and grasp the syringe from the right, 
enough slack is left in the cable so that as the screw revolves it can take the ca 


forward. 

The dose adjustment is made by lifting the axle { 15 ) to free the wheel 
from contact with the turntable, running the screw back liy hand, and raw c 
the solution into the syringe past the desii-ed mark. Then, the screw is sinn a 
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run forward until the plunger reaches the exact mark, which can be attained 
within 1 or 2 thousands of a cuhie centimeter. During this latter procedure, in 
order to avoid dosage errors, the syringe clamp and screw assembly (i) is held 
Hat. In that position, it is then laid down on a cork ring (.5), and the injection 
is made later without allowing the clamp to rotate to the left, since this would 
cause a premature ejection from the syrhige. In practice, tliis precaution has 
proved easy to observe. 



Fig. 3 — SjTinffe clamp and screw asscinbU 

Wlieii the electric* current is tumecl on by means oi* a footswitch, the speed 
of the turntable reaches its maximum in about a second. If this la*? should be 
found objectionable, it could be practically eliminated by mounting a solenoid 
under the right end of the axle { 15 ), and with the turntable running continu- 
ously, by starting and stopping the injection through llie vertical movement of 
the solenoid core acting to lower or to raise the wheel ( 18 ). The speed of the injec- 
tion can be varied over a range of from about 0,002 to 0.04 e.c. per second, by us- 
ing two interchangeable wheels (iS), inch and 3 inches in diameter, and 
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varying the wheel position on the turntable. A steel mechanic’s rule graduated 
in 0.5 mm. divisions is quite satisfactory for determining the wheel position. The 
exact error in rate for rapid injections, lasting onlj^ a few seconds, is difficult to 
determine with a stop watch; but with longer injections, for example, thirty 
seconds, the error is less than 2 per cent. 

At the end of injection, as the plunger seats home, the clamp begins to rotate 
cloclrwise in the hand, which insures a full dose and also acts as a signal to step 
on the footswitch and sliut off the motor. There is very little danger of breaking 
the syringe or plunger, since the flexible components of the drive take up the 
shock, which if prolonged, merely causes the wheel to skid on the turntable. The 
only occasion on which a syringe plunger broke was when the syringe was not 
well aligned with the screw. This alignment can be improved if necessary by 
shimming -with small pieces of paper at the joint where the syringe clamp is at- 
tached to the screw mechanism by the knurled nuts. It may be found necessary 
to grind off the head of some plungei’s or cement a small piece of cardboard ou 
the head to true it up in relation to the adjoining face of the screw. 

This machine has been used in about 2,000 intravenous injections in mice, 
and presents the following advantages: (a) The dose can be quickly and ac- 
curately measured in a power-driven syringe which retains the necessaiy 
maneuverability for direct injection of tail veins, (b) The injection proceeds 
at a smooth and reproducible rate which can be varied continuously over a con- 
siderable range, (c) The machine is relatively simple and inexpensive lo con- 
struct. 
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A NEW HEJUTOCKIT TUBE 


Sedgwick E. Smith, Ph.D.^ 
Ithaca, N. Y. 


T he autiior has recently reviewed a publication on tiie anemia of flexed- 
tailed mice by Griineberg (1942) in which a new hematocrit tube was de- 
scribed. This tube has proved so satisfaetoiy, and in some re.speets superior 
to the hematocrit tubes in common use, tliat it is thought wise to draw it to the 
attention of workers in this country. 

A diagram of tliis hematocrit tube is given in Fig. 1. The merits of this tube 
arc that it requires such a small quantity of blood and that it lias an enclosed 
end, and thus leakage during centrifugation, tvhich so often occurs in the many 
modifications of the open end tubes, is completely prevented. The Wintrobe 
hematocrit tube also lias a sealed cud, but requires more blood than is often 
available from small animals or even large animals unless venepuncture is used. 
The size of the tube is such that it fits into a standard 50 c.c. centrifuge cup 
with a reducing cap. The capillary bore stem may be made in a variety of sizes 
depending on the amount of blood available. The author has two sizes for use in 
determining the packed cell volume of small laboratory animals. In one, the 
calibrated stem contains 20 c. nun., and tlie otlicr O.I c.c. to be used with 20 
0 . mm. and 0.1 o.c. of blood respectively. The stem is divided into 50 equal 
parts, thus peimittiiig the determination of the packed cell volume within 0.5 
per cent by estimating the nearest quarter of a division. The volume of the 
packed cells read directly from the stem of the tube multiplied by two gives the 
volume of red cells in percentage. If desirable, the stem may be calibrated from 
0 to 10 instead of 0 to 5 as here indieated, in which ease the percentage of packed 
cell volume may be read directly. 

The method of the author has been as follows : Deliver about 3 o.c. of iso- 
tonic saline into the hematocrit lube by means of a syringe with a 5 inch, 18 
gauge needle which permits filiing the tube from the bottom of the stem. If the 
hematocrit tube is a 0.1 c.c. one, deliver 0.1 c.c. of blood into the saline from 
a pipette calibrated to contain 0.1 c.c.; rinse the pipette two or three times 
with the saline and centrifuge to constant volume. Usually centrifuging at 
2000 r.p.ni. for one hour is sufficient. The tube may he conveniently cleaned 
by fliisbing out tire stem and cup by means of the S3'ringe and long needle. 

For some time 0.S5 per cent saline has been considered isotonic to mam- 
malian Wood, but in light of the recent work of Aldred (1940), this figure needs 
revision upwards. Aldred by use of the vapor pressure technique has deter- 
mined the osmotic pressure of the blood of various animals and found that in 
the majority of mammals 0.93 per cent saline is isotonic to blood. Griineberg 
found 0.93 per cent saline isotonic to mouse blood. AVhieh one of the saline 
solutions selected is probaWy not as important as is a uniform use of one or the 

•Associate Animal Geneticist. U. S. Plant, Soil and Nutrition Laboratory, AffncuUural 
Research Administration. 
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other, inasmuch as the centrifuge hematocrit is only a close approximation of tlie 
true red cell volume, and thus its use is for comparative purposes (Chapin and 
Ross, 1942). 



HEMATOCRIT TUBE 


Fiff. 1. 

Several sets of hematocrit tubes have been made for the author l)y 
Corporation, Rochester, N. Y., but any supply house should be able to 
them to order. For precise work, the tubes maj’ be checked for aecuraej 
calibrating the stem vuth merciu-y. 
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RABBIT BOX' 


Hariiy J. \Yick and John A. Leighty, Ph.D., 
Indianapous, Ind. 


I N ORDER to taeiiitate the handling of large grotips of rabbits in testing 
samples of human serum albumin for pyrogenic activity, a rabbit box has l)een 



Fig. 3. 


designed which offers some worth-while advantages. The animal remains in the 
box througliout tlie period of observation without being disturbed aud witliout 
any noticeable discomfort. Incidentally, this type of box is also quite useful for 
skin-testing experiments, injection work, and blood-sampling experiments. 

•From Tho Lilly Research Laboratories, Eli Lilly and Company. 

The original Idea for a box of this type was obtained while visiting the ilassachusctts 
State Antitoxin and Vaccine Laboratory several nionUis ago. 
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Fig. 1 shows a detailed drawing of the front of such a box, while Pig. 2 
shows a side view. Seven-eighths inch wood is used for construction, and the 
rounded edges as shoivn are made to allow the boxes to be placed against one 
another in a row. The entire top of the box is open as can be seen in Fig. 3. 


A SIMPLE RAPID METHOD FOR PARAFFIN TISSUE PREPARATIONS 
UTILIZING THE KAHN SHAKER* 


Lt. Colonel Ferdinand C. Helwig, M. C., A. U. S. 


T he almost universal desire for rapid tissue diagnosis has resulted in numer- 
ous modifications of well-known methods of fixation, dehydration, and 
paraffin infiltration. In the hands of many workers these modifications, designed 
to decrease the time element, have frequently resulted in incomplete dehydration 
and infiltration, making cutting difficult. Moreover, the sections, thus obtained, 
all too often have shown too much shrinkage, poor staining qualities, and otlier 
objectionable features. 

For some time now we have been employing a method in this laboratoiy 
which is not only rapid, but at the same time permits us to make Iiistologm 
preparations that are easily sectioned and when stained show remarkably little 
shrinkage, less in fact than we have obsexwed by the .slow methods. Furthermoi'ei 
we have eliminated certain common, more or less standard, steps which have like- 
TOse accelerated the preparation of very satisfactory sections. 

It is possible by this method to make excellent sections, ready for examina- 
tion within five to six hours after the tissue is received in the laboratoiy m ' 
fresh state. 


description op method 

Blocks not over one and one-half millimeters thick or one and one-half 
centimeters in diameter are cut from the tissue to be processed. If the tiss® 
is fresh and unfixed, it can be suitably hardened by shaking it in the a 
shaker in 20 per cent solution of formaldehyde for twenty or thirty 
We have been using small twenty cubic centimeter black screw-topped glass u 
eight centimeters long and tivo centimeters in diameter. These vials are p a 
horizontally in the Kahn shaker so that the tissue will undergo constant 
and will also be subjected to the largest, constantly changing, volume of 
or dehydrating agent possible. If great haste is essential some time maj 
saved by immediate fixation in hot 4 per eent formaldehyde, but tliis me i 
undesirable since undue shrinkage and distortion result. Routine ma 
can be fixed in the usual manner in 4 per cent formaldehyde solution for eio 
to twenty-four houi's. 

ital 1. 

♦From the Laboratorj- Ser%’ice Army Air Forces Regional Station Hosp 

Gables, Fla. 
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After fixation the tissue blocks are blotted and tlie following solutions are 
employed ; 

SOLUTION time 

95 per cent Ethyl alcohol 30 minutes in Kahn shaker 

Absolute alcohol 15 minutes in Kahn shaker 

Acetone 15 minutes in Kahn shaker 

Chloroform 30 minutes in Kahn shaker 

Chloroform and soft paraffin (equal parts) 60 minutes in 57° C. incubator 

Hard paraffin 60 minutes in 57° C. incubator 

Absolute alcohol should be employed no more than three times and may then 
be used in place of 95 per cent alcohol for the first deJiydration. Acetone should 
be used no more than three times. It ma.v then be dehj’-drated over anliydrous 
copper sulfate and used over and over again. 

The containers used for the fixing and dehydrating solution should contain 
at least fifteen cubic centimeters of the i^eagent for each tissue block. Tissues 
are embedded in hard paraffin nine parts and bayberry wax one part. A long 
block is made using a double "L** type lead embedding box. No fiber blocks are 
necessary since the paraffin bayberry wax: mixture, wlien hardened into a block, 
can be screwed into the microtome and the blocks section easily. Routine sec- 
tions arc cut in our laboratoiy at six mici'ons. Sections are then affixed to glass 
slides in the usual manner and stained by any of the methods suitable for 
paraffin preparations. 

The procedure just described is suitable for both surgical and 
necropsy material; it is saving of reagents and is rapid. In our hands this 
method has yielded uniformly good results over a long enough period of time 
and with a sufficiently wide variety of tissues to convince us that it is suitable for 
more widespread application. 



A MEDIUM FOR DETERMINATION OF CITRATE UTILIZATION 
BY COLON BACTERIA* 


Capt. W. Blake Christensen,! U. S. Army 


D uring an investigation of certain unclassified dysenteiy bacilli in Tunisia, 
North Africa, it became desirable to test the reactions of the organisms on 
media containing citrate as a sole source of carbon. Since neither Simmons 
citrate nor Koser’s citrate nor the materials to make them up were available, 
it was necessary to devise a modification. A medium of the following composi- 
tion was found suitable : , 


.Ammonium sulfate (Jilerek Reagent) ' 

llagnesium sulfate tMerck U.S.P.) 

Monopotassium or dipota.ssium phosphate (Merck Reagent) 
Sodium citrate (Merck U.S.P.) 

Sodium chloride (Merck Reagent) 

-Agar 

Phenol red 
Distilled water 


1.0 Gm. 
0.2 

1.0 

3.0 

5.0 
20.0 

0.012 
1000 c.e. 


The medium is heated to dissolve the agar, and the reaction is acljuste 
to pH 7. If monopotassium phosiihate is used, alkali must be added, but if the 
dipotassium salt is used, acid must be added to bring the pH to 7. The medium 
is tubed and sterilized at 15 pounds pressure for twenty minutes and alloue 
to solidify in the form of slants. The fresh medium has a pale, yellow-orange 
color. If a liquid medium is desired, the agar may be omitted. , 

Organisms which utilize citrate as a sole source of carbon produce, withm 
twenty-four hours on the solid medium, a yellow color in the butt and u 
striking, intense violet color on the slant. Organisms which fail to utilize ci i 
leave the medium unchanged. In the liquid medium, citrate-positive organism^ 
produce acid within twenty-four hours, with perhaps a narrow alkaline zone 
the top of the tube. Within fortj'’-eight hours, however, the entire bod> ot 
medium changes to the chai'acteristic intense violet color. The presence o 
indicator in the liquid medium elimmates the necessity of estimating gi 
by turbidity, as was done in the original Koser medium, and as large an iiioeii 
as desired may be used. . 

Both liquid and solid media have been tested with 162 different 
nonpathogenie and pathogenic colon organisms. The results are shovn ni 
I. It is seen that only organisms of the Aerobaeter and colon jjjg 

groups, and Salmonella tijphi murium utilized the citrate. Organisms 
Escherichia, paracolon Escherichia, and Shigella groups, and EberlheU<‘ 
failed to utilize the citrate. In the auaerogcnic paracolon group 
negative organisms were found, no doubt because of the small numbei o s 
tested. 

•Published with the permission of the Surgeon General, U. S. Array. 
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Though it would have been desirable to cheek organisms of the colon iiitev- 
mediate and the aiiaerogenic paracolon groups with standard citrate media 
to determine the possibility of false reactions, it was manifestly impossible to do 
so. However, the uniform negative results obtained with organisms known 
to be citrate-negative and tlie positive results with organisms known to be 
citrate-positive are ample evidence of the reliability of the medium. 


Table I 

Citrate Utilization by Colon Organisms on the Modu-ied Citrate Medidm 


ORGANISM 

NO. or STRAINS 
TESTED 

CITRATE 

UTILIZATION 

l.VDOLE 

VOCES- 

PROSKAUER 

Escherichia 

40 

- 

+ 

- 

Paracolon Escherichia 

5 


+ 

> 

Colon 

Intermediate 

8 



- 

4 

+ 

- 


Aerohacter 

24 

A. 

- 

+ 

Anaerogenic paracolon 

2 

- 

+ 

- 

3 


- 

- 

Various Shigella 

Species 

23 

- 

+ 

- 

45 


- 


iSflimtineita typh% 
murium 

1 

- 

“ 

• 

EheriheUa typhosa 

1 

- 




- Negative. 
+ Positive. 


Considerable stress has been i)Iaccd on the utilization of chemicals of the 
highest pos.sible purity in o citrate medium. For this reason, some objection may 
be made to the use of the two U.S.P. .salts in the medium. However, even if the 
impurities consisted entirely of a compound utili^able by citrate-negative organ- 
isms, and if the utilization hrouglu about the .same type of reaction as true citrate 
fermentation (assumptions whicli arc in themselves very unlikely), there still 
Would not be enough of the contaminating compound present to produce enough 
alkali to change tlie color of the medium. Impurities would hardly lie present in 
a concentration to exceed 0.0005 H. (based on stated impurities in tlie ilerck 
Index, 1941). Sucli a concentration is well below the known affinity constants 
of enzymes, and the compoiuul would not be used at all, or would be used so 
slowly that appreciable growth would not take place. 

The medium described consists of iiiateiTals that are cheap and readily 
available in most laboratories. While it will probably not replace .standard 
media on the market, it will fill the needs of laboratories which u.sc such a 
medium rarely and tlius have no rea.soii to lay in a stock of the prepared product. 








A MULTIPLE BABBIT HOLDEB* 


Edwin P. Latjg, Ph.D., Washington, D. C. 


I N STUDIES requiring the immobilization of rabbits for extended periods, 
it has often been found that the usual methods are undesirable, because tiiey 
may produce either (1) stasis from the tie strings (even when padded) ; or (2) 
broken legs and backs due to struggling. 

These difficulties have been ovei’come through the design of a holder which 
immobilizes the animal after the manner of a head and hip stock, but without 
restriction to the movement of foi’e or hind limbs. The animal rests comfortably 
on its belly ; but because of the fact that its hind quarters are held rigidly, uo 
leeway is permitted for sufficient arching of the back or other motion to cause 
injuries which so frequently result. The type of holder described here has been 
in use for nearly two years ; during this time appiroximately 2,500 rabbits have 
been kept in the holders for periods varying from one to twenty-four houis. 
In this extensive experience, practically no injuries have resulted when the 
animals were properly placed in the stocks ; occasionally accidents have oceuri'e 
where the confining jaws were improperly adjusted so that the animal manage 
to free either the head or the hips. Constructional details : In Fig. 1 are repio- 
duced the constructional details for a 6-rabbit holder. For long service the use 
of a hardwood such as birch or maple is recommended, particularly in those pai ^ 
subject to frictional wear. It is not desirable to describe the construction in any 
detail, since it is believed that the pictures and drawing are self-explanatoiy- 
Several features, however, may well be stressed : 

The head piece is stationary, being part of the framework of the holder. 
Both jaws of the head piece are removable, and this facilitates cleaning. 
practice it has been found most essential that the lowest point in the opening 
the lower jaw piece be fixed not higher than one inch above the table level upon 
■which the annual rests; otherwise the head is elevated too much and 
results. Adjustments for size of the head opening are made by locking 


upper jaiv piece in proper po.sition through a series of nail holes, one 


of which 


of the 
the 


passes through the stock frame. The hip stock is adjustable for the size 
animal’s hips in a manner similar to the head stock. In addition, howevci, 
entire hip stock is movable forward and backivard, sliding, in two groove i‘ 
one on each side. Thus adjustments for the length of the animal can be nin^^ 
quicldj'. As in the ease of the lower jaw piece of the head stock, it^is 
essential that the lowest point of the lower hip jaw be not further than /o 
inches above table level. Failure to observe this dimension leads to seiious 
strietion, and bladder injury^ often results. The openings of the head an 
jaiA's have been adjusted to accommodate animals weighing 2 kilograms oi 

•From the Division of Pharmacology. Food and Drug Administration, Federal 
Agency- 
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The shape of the fixed lower jaws of both head and hip stocks will accommodate 
animals weighing over 5 kilograms. For small animals, the top jaws of both head 
and hip stocks liave been made reversible (see Fig. 1), For very small rabbits 
(less than 2 kilograms) further modification of tlie shape of the top jaws would 
be necessary. 

The belly of the rabbit rests on a framework of 5 dowel pins. This feature is 
extremely useful where fluids are applied to the skin of the back. Sometimes 
these tend to run off and without the open construction would collect under the 
belly of the animal. 

At the back of the holder, provision for removal of excreta has been made 
by installing a removable drain board as shown. Quantitative collection of urine 
and feces can, of course, also be made by substituting for the drain board a slid- 
ing rack for glass baking dishes and a bafllc for deflecting urine. 

The length of time that an animal can be kept immobilized becomes pi-imarily 
a problem of a need for food and watei*. Usually rabbits will not eat volun- 
tarily when thus confined. While held in the holder, however, it is relatively 
easy to pass a stomach tube. 

AVhile the author has had no experience with other animals, it would seem 
feasible to modify the sizes of the head and hip jaws to accommodate dogs and 
cats. 



A SOLID MEDIUM FOR THE TRANSPORTATION OP DELAYED 
GONOCOCCUS CULTURES*' 


Nell Hirschberg, Ph.D., Raleigh, N. C. 


T he provision of reasoiiabty adequate facilities for gonococcus cultures in 
a state laboratory requires the solution of several problems; First of all, 
the establishment of reliable local laboratory service and, second, the develop- 
ment of a method for sending gonococcus cultures through the mail. The former 
depends on a simple method for teaching technicians, many of whom are not 
familiar with bacteriologic procedures, to do such work. The latter depends on 
the establishment of a method for keeping the gonococci alive and holding back 
contaminating organisms. Many such methods have been described, using 
special liciuid media, ice or diy ice refrigeration, or “thermos” bottle eon- 
tainers.^*- ■*’ ==-*■ 

It is well Imown that diagnosis of gonorrhea in the male can be made by 
examination of suitable smears. In the female, however, especially in chronic 
or treated cases, a few doses of sulfonamide may render the smears negative, 
while many viable organisms are present, or the large number of contaminating 
bacteria may interfere with the interpretation of a smear, even if care is taken 
to take these smears from the cervical canal. 

The value of gonococcus culture is well known. Thomas“''“^ has summarized 
this work through 1941. Even with the relatively ineffective means now avail- 
able, cultures yield two to three times as many positive diagnoses as smears m 
chronic or treated female cases.^^> 

North Carolina is a rural state, approximately 550 miles wide, with con- 
siderable variations in temperature, ranging from zero in the mountains m 
winter to 103° P. during the summer. While 87 of its 100 counties haic 
organized full-time health depai’tments, most of the culture material will come 
from well-trained physicians in urban centers, coimtry doctors and nurses ui 
rural centers, and will take fi'om two to three days to reach the laboratoi}- 
For this reason, it seemed inadvisable to use liquid medium or to refrigerate 
specimens with ice or dry ice. We have, therefore, attempted to develop ^ 
suitable solid medium in tubes to be inoculated with material collected on in 
size applicator swabs. Tliis paper is a ■ preliminary report of the res 
obtained using such a medium. 

Preliminary -work was done on 25 specimens, secured from untread^ 
prostitutes from the Woman’s Prison in Raleigh and from nearby ehmto 
sufficiently close to Raleigh that the specimens might be brought liy 
Later, 117 specimens were secured from 85 patients in a well-directed Goiioii < 
Clinic, conducted by Dr. Margeiy J. Lord, City Health Officer, Asheville, Iv. 
some 270 miles from Raleigh. It was felt that cultures which could sunn 

•From the North Carolina State Laboratory' of Hygiene. 
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this long trek across the country iu the mails should be a fair test of a method 
suitable for the entire state. 

The mailing media consisted of mwnerous combinations of blood with and 
without tlie addition of dyes and other substances to inhibit contaniiiiauts.’’ 

3, 6. 10, 21 Qjjy tested for mailing qualities, inhibition of contamina- 

tion, and preservation of the gonococcus. Those combinations containing less 
than 1 per cent agar did not stand transportation and were eliminated. In 
the development of the media various concentrations of gelatin and agar were 
tried, the former ranging from 2 per cent to 24 per cent, the latter from 0.1 
per cent to 2.5 per cent. Agar by itself is too brittle ; when a swab is introduced 
into it, even if the medium contains up to 50 per cent blood, the agar is broken 
uj) witli large air spaces resulting It was found that tlie addition of 4 per cent 
gelatin to 2 per cent agar produced a medium of smooth composition, I’egardless 
of tlie quantity of blood, into which a swab can be introduced and withdrawn 
with ease. 

Each mailing medium was tested with a known strain or several known 
strains of the gonococcus. The media containing inhibiting agents were tested 
with known cultures of tlie colon bacillus, Staphylococcus aurexes, and protcus. 
Concentrations of d,ve wliieh do not kill the gonococcus are for the most part 
ineffective against the latter organisms Almost all the combinations showed 
some inhibition of contaminants but did not exhibit tlie marked inhibition which 
is probably desimble A few tests were made with tyrothiacin*’ which 
seemed no better or no worse than Nile blue A Crystal violet of suitable dye 
content as suggested by Cox**® was tested also, and a few te.^ts using brilliant 
green, alone or in combination with the otlier d 3 *cs, were tried. (Dr. Cox very 
kindly sent us some of his media to fry.) It seems that the degree of con- 
tamination in tlie final cultures depends more upon the bacterial flora of the 
patient than upon the inliibitiug ageiit used. Tlie isolation of the gonococcus 
was made both fimn heavily contaminated and slightly contaminated plates. 
We do not know how much tlie contaminants interfere with the preservation 
of tlie gonococcus. It does not seem that sulfonamide treatment of the patient 
interferred to any large degree with the i.solation of tlie organi.sms.*® Para- 
amino benzoic acid was introduced into one set of mailing media, but better 
results were obtained without this addition. Tlie medium whieli we have finally 
determined as the most suitable to date eomsists of the follouang: proteosc-agar 
No. 3 (Difeo), 4.5 per cent plus additional shredded plain agar to make a final 
concentration of 2 per cent, 4 per cent gelatin, 0.24 per cent Nile blue A, and 
20 per cent chocolate blood. The medium is veiy smooth, easy to penetrate with 
a swab, and supports the growth of the gonococcus luxuriantly. It seems to 
be more satisfactory with Nile blue A tlian with gentian violet, tyrotliriein or 
brilliant green, although it must be stressed again that all evidence in our 
series of cultures point to the fact that no satisfactory bacteriostatic agent has 
yet been tested, tlie degree of contamination depending for the most part upon 
the patient’s vaginal flora. 

Cultures and smears were taken as the patients were examined in the 
routine Friday night Asheville Gonorrheal Clinic. (We are grateful to Dr. 
Lord for this clinical material.) Some of the patients were new acute cases, 
some were under treatment, others were recurring ca.ses which had received 
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treatment sometime before, and a few Avere new contacts. Swabs were taken 
from the urethra, using- pressure on the Skene’s Glands to milk out any material 
present. Smears and cultures Avere made from these sAvabs. A speculum Avas 
then inserted in the Amgina, the cervix cleaned off AAUth a cotton swab, tlie 
mucous plug in the cervix expressed, and another smear and culture Avere made 
AAuth a SAAmb from the cervical canal. The clinical condition of the patient Avas 
carefully noted.^^ This procedure is folloAved routinely in the clinic and gives 
approximately three times as many positive cultures as smears.^® To test the 
mailing media, additional SAvabs Avere taken from the cervix and in some 
instances also from the urethra, using- sterile forceps to break off the SAvabs and 
push them doAvn into the mailing tubes. 

After the clinic, that is about ten o’clock at night, these mailing tubes 
Avere labeled and packaged to be sent through the mail the next morning to the 
State Laboratory of Hygiene in Raleigh. Occasionally the package Avas re- 
ceived at the laboratory on Sunday, in Avhieh case cultures Avere made immedi- 
ately. Generally, hoAAmver, the tubes Avere received folloAving the sorting of the 
mail on Monday and Avere cultured Monday afternoon, approximately three 
days after the SAvabs had been taken from the patients. In one series five days 
elapsed. In the group of cultures tested before this routine Avas established in 
the Asheville Clinic, specimens remained in the mailing media from twenty-four 
hours to six days. The mail betAveen tAvo points probably never takes that long, 
but cultures were purposely^ held in the laboratory to see hoAV long they would 
remain positive. 


The SAvabs AA^ere removed Avith sterile forceps, streaked onto Peizer’s 
medium^® and onto chocolate agar^ plates. These plates umre sealed in a jar 
containing a moist piece of cotton and a lighted candle and incubated for two 
days at 36° 0. Some of the sAvabs Avere suspended in % c.c. of 2 per cent 
proteose peptone No. 3 solution, Avell-shaken, and cultures Avere made from this 
suspension. It Avas noted that groAvtli on the surface of some of the mailing 
media looked suspicious for the gonococcus, and so these tubes Avere incubate 
in the jars Avith the subcultures after the sAvabs had been removed and AAere 
tested by the oxidase reaction tAvo daj^s later. A fcAV positives Avere obfame 
by this method. 


After forty-eight hour’s, the plates Avere examiired by means of the oxidase 
reaction and Gram-stained smears. Doubtful strains Avere tested by fermenta 
tion reactions. The plates AA'^ere read carefully for the degree of contamination 
as Avell as for the number of positive colonies Avhich in most cases AA-as oa , 
occasionally one or turn oxidase positive colonies only’- appearing on the sur 
of the plates. The results obtained in this laboratory Avere checked 
those control cultures and smears AA-hich had been made in the Asheville 1 1 
Health Department Laboratory at the same time. 


Table I shoAvs the results from our series of 142 cases. Of the 25 spcci™®“^ 
received by nressenger from patients presumably Avith gonorrhea, 10 s'Oa ^ 
immediate positive control cultures, while 8 delaymd cultures Avere 
after one, 3 after tAVo, 1 after three, and 1 after four- days. ^lost o 
remained on the desk in the laboratory for- the specified period of time, " ' 
a few were mailed in from near-by tOAvns. 
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Forty-four specimens from cases of acute gonorrhea diagnosed by positive 
smear and culture were mailed to the laboratory. The immediate control cul- 
tures of the 44 cases were positive, and 31 of the delayed cultures were positive, 
2 after two, 20 after three, 6 after four, and 3 after five days in tiie mail. 

Sixty-nine mailed specimens were received from cases of clironie or treated 
gonorrhea. None of these showed po.sitive immediate control cultures, 12 of 
them showed positive cultures from the specimens which were mailed to the 
laboratoiy, 2 after two and 10 after three days. These 12 positives possibly 
may be accounted for by the fact that the mailing medium may absorb some 
of the drugs used in treatment which may be affecting the direct gro-svth of 
the gonococcus, or by the fact that in these cases there are present only a few 
gonococci wliich may be picked up on one swab and not on another or may even 
have been missed on the direct cultm^cs. Four cultures from clinically negative 
contacts were negative throughout. TJiesc results indicate that the mailing 
medium is quite satisfactory for isolating the gonococcus after several days 
have elapsed. Siuee the greatest number of cultures reached the laboratory 
in three days, tliis accounts for the seemingly large number of positives obtained 
in that length of time. In the series of 117 mailed cultures, a total of 16 were 
received in two days Avdth 3 positive isolation.s, 73 were received in three days 
with 31 positive isolations, 13 were received in four days with 7 positive isola- 
tions, and 15 were received in five days with 3 positive isolations. 


Table I 


NUSIBEB OF 
CASES 

DIAGNOSIS 

niMEDIATE 

CULTURES 


DELAYED 

CULTURES 







NEO.\- 

rosi* 


DAY C 




NECA* 








Tr^■E 

TIVE 

TIVE 

TIVE 

1 

2 

3 

4 

5 

25 Messenger 

Presumably 

lo 

10 

17 

8 

3 

3 

1 

1 

0 

Specimens 

gonorrhea 



13 

31 



20 



44 Mailed 

Acute gonor* 

0 

44 

0 

2 

6 

3 

Specimens 

rhea 







10 



69 Mailed 

CInonic or 

69 

0 

57 

12 

0 

2 

0 

: 0 

Specimens 

treated gonor- 
rhea 










4 Mailed 

Contacts-Clin- 

4 

0 

4 

0 






Specimens 

ically Nega- 
tive 






1 




142 Total 1 


88 

54 

91 

51 

3 

1 V 

31 

! 7 



SUMilARY 

A solid medium suitable for the transportation by mail of specimens for 
gonococcus culture lias been described -with the preliminary report on the use 
of such a medium. This solid medium stands transportation, is simple to 
use, and gives a fair percentage of isolations of the gonococcus. 
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COm^ENIBNT ASSAY METHOD FOB PENICILLIN AND SIMILAE 
SUBSTANCES* 


Usi! Oh ' Lauhe Plates and Filter Paper Circles 


Jeanne A. Epstein, B.S., E, J. Folev, Is.viiel Perbine, and 
S. W. Lee, Ph.D,, New Bbunswick, N. J, 


T he agar cup method for evaluating the anlibacteria] jioteno.v of soliitieiis 
is favored by many because of its simplicity and reliability. The procedure 
described here retains the advantages of tliis standard method. 

The details of determining iiiiitage of penicillin bv the agar ciiji method 
(using Petri dishes) have been adequately described by Abraham ct al. (19il), 
Foster (1912), and Poster and Woodruff (1913). The estimation of potency 
in penieillin solutions by the Oxford cup plate method, as carried out at the 
present time, involves the use of many Petri dishes in order to observe the 
extent of zones of inhibition over a suitable range of dilutions. 

In an attempt to diminish the time and labor involved both in conducting 
the test and in the preparation of glassware, we have adopted the use of flat 
l^rex baking dishes as culture dishes. Dishes of two sizes have been used, 
6% inches by 10% iitehos by 2 inches and 12i/o inches by S inches by 2 inches, 
the latter size proving the more eourenient. These are fitted with plate glass 
covers cut to the proper size and fastened to the plate flanges with cellulose 
(ape before iiieubation is begun. 

PROCEDURE 

The smaller plates are prepared by pouring into (licm 100 c.c. of melted 
cooled agar seeded with 0.3 e.e. of an IS-hour caltnre of the Oxford test strata 
{Staphylococcus aureus strain H). 

The larger culture dishes arc made with 347 c,e. of agar and a 0.45 c.c. of 
the above inoeulura. Satisfactory results have also been obtained using agar 
seeded with Bacillus subtilis spores according to the method of Foster (1942). 
Evaporation of excess moisture from the surface of the agar before u.se can be 
accomplished by inverting the plates and propping them open with a cork 
placed between one edge and the lid. 

Tests are carried out by a wet filter paper method .similar to that of 
Laroanna and Shapiro (1943). Sterile 1 cm. circles of an absorbent filter paper 
(Fisher No. 9-795) are dipped with flamed forceps into tubes containing the 
dilutions of penicillin to be tested, drained momentarily against the side of the 
tube and placed in rows at suitable intervals on tiie agar surface. A similar 
method has recently been used by Dowdy ct al. whose work was cited by Foster 
and W oodruff (1943). 

•I>Vom the 'Wallace lAaboratorles, Inc. 
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A standard of Imowii unitage is run on each plate as a control. We liave 
found that the zone of inhibition produced by a 1 era. filter paper circle impreg- 
nated with fluid containing 1 Florey unit per c.e. is somewhat less in diameter 
than that resulting when the Oxford cup plate method is used with the same 
standard, being, in our ease, about 18 to 20 mm. The diameter of the filter 
paper is included in measuring the zone of inhibition. 

A number of advantages are inherent in the use of tire present method other 
than the ease of preparation of sterile apparatus. Te.sting numerous samples 
on the same culture surface increases the over-all uniformity of the assay method. 
Experience has also shown that the zones can be measured more quickly, there 
being more on each plate. A larger number of samples can be assayed by this 
method than by other methods hitherto described, there being comparatively 
little time consumed other than in making dilutions. 
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PEKMANENT 3IETACHKOMATIC STAINING OE GASTRIC IRUCUS 
SMEARS' 


ILiNKUED Hess, JI.D., and Erankun Hollander, Pn.U., New York, N. Y. 


T he staining of different tissue components in different colors by a single 
dj’e is called nietaeliroinasia. Tims, if a dilute solution of a Itusic dye like 
toluidine blue is used to stain a tissue section, some of the components will be 
stained blue, whereas otliers, called ehromotropie, wdl be stained purplisii red. 
Typical examples of metaefiromasia ai-e afforded by mucin, cartilage, amyloid, 
and the material constituting mast cell granules. The obvious advantage of 
metachromatic staining lies in tlie fact tliat it furnishes a degree of differentia- 
tion by means of one dye alone; the outstanding difficulty encountered with this 
teclinique is its lack of permanence following dehydration, a difficulty which is 
recognized in all textbooks of histologic technique. In our experience with the 
usual teohnique, applied to smears of mucous secretion, even aii drying i-esulted 
in immediate conversion of the metachromatic purple to an undifferentiated blue. 
After numerous trials we liuall.v evolved a technique which overcomes this diffi- 
culty, and wo are reporting our method herewith. 

The principles underlying inctachromasia have been investigated mainly 
by Lison,' who found that sulfuric add esters of high molecular weight are 
the most potent ehromotropie materials. For instance, heparin appears to bo 
re.sponsible for the metachromatic staining of the mast cell granules (Holmgren 
and Wilandcr*) ; mucoitin and chondroitin sulfuric acids are the groups re- 
sponsible for the ehromotroiiie iiroperlies of mucoproleins found in mucus and 
cartilage. The protein moiety of the mucoproteins appears to exert no influence 
on the ehromotropie character of tlie.se suRstances. The reaction is so specific 
that, according to Lison, it can be iLscd as a histochemical test for the detection 
of the presence of these characteristic groiqis. Bffort.s to understand the nature 
of this color change have not been successful, however, Lison believed that there 
exists in the dye solution an eipiilibrium between the metachromatic and the 
nonnal forms, but he did not ti-y to define the chemical basis for this differentia- 
tion; contact with a ehromotropie substance can shift tiiis equilibrium towards 
the metachromatic side. Other explanations have been based on dift'erences in 
dye concentration between the two forms (Bank and Bungenberg de Jong') and 
intramolecular rearrangements (Kelly and aiiller') . None of these investigators, 
however, was able to explain the disappearance of metachromasia which results 
from treatment ivith alcohol or fi'om diyiiig. 

It was our purpose to find a method for staining .smears of gastric mucus 
so that the cellular structures would be visible by contrast against the back 

•From the Laboratories of The Mount Sinai Mospitnl 
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ground of mucous material. Mucicarmine alone affords no sueh differentiation, 
and when used after nuclear staining with hematoxylin, the coimterstaining is 
erratic and generally unsatisfactory, ffletachromatic staining with the usual 
toluidine blue technique yielded satisfaetoiy contrasts in wet preparations, but, 
in keeping with general experience, the metachromatic color disappeared as soon 
as the smear was dried or treated in the usual way for mounting in Canada 
balsam ; since we were no more fortunate than other inve.stigators in formulating 
an hypothesis to explain this loss of metachromasia, we approached the problem 
in a purely empii'ical way and finally succeeded in evolving a teclmique for the 
preparation of permanent metaehromatically stained smears of gastric mucus. 
Specimens thus stained ten months ago stiU retain their characteristic meta- 
chromatic stain. 

Our procedure is as follows : Smears of fresh mucus, collected from gastric 
pouch dogs, are left to diy at room temperature and then fixed by flaming. 
The slide is then placed in the staining solution, where it is agitated wgorously 
for fifteen seconds and then left undisturbed for one minute more. The stain- 


ing solution is prepared as follows : 1 Gm. of toluidine blue (National Aniline, 
certified) is dissolved in 90 e.c. of distilled water and filtered; to it are added 
0.50 c.c. of HCl (specific gimvity 1.18), 0.90 c.c. of H^SO^ (specific gravity l.Sl)- 
and 10 c.c. of a 1 per cent solution of alum; finally 5 c.c. of 95 per cent alcohol 
are added to the entire mixture. From the staining solution the slide is taken 
through two changes of 1 per cent HCl (1 c.c. of HCl, specific gravity 1.18, to 9 


c.c. of distilled water) , being washed for about ten seconds in each change so 
that no more dye comes off the slide. The slide is ^lien immersed for one minute 
in a 5 per cent aqueous solution of HgCL, washed vigorously in two changes of 
95 per cent alcohol (five seconds each), and cleared in two changes of .yk- 
The slide should be agitated mgorously in the first change of xylol to eliminate 
the alcohol. Complete removal of the alcohol has occurred when the temporal' 
blue discoloration caused by the alcohol treatment is replaced by a purple coloi. 
The slide is left for at least two minutes in the second change of xylol. Fina S, 


the smear is mounted in Canada balsam and a cover slip is applied. 

The mucus is spread on the slide gently with the aid of a glass rod, thus 
avoiding disruption of groups of cells and expression of intracellidar muciu. 
The use of chemical fixatives at this stage was discarded after repeated tna ' 
vuth various agents. Formalin and Susa fixative both prevented nictac.iroma^^^ 
staining, saturated HgCL removed material from the slide and impeded t>e 
fixation of the dye after staining, acetic acid distorted the mucus by iriegu a 
shrinkage, and alcohol caused deformation of the nuclear material. 

Mild acidification of the dye solution with hydrochloric acid yielded •* 
marked increase in color contrast between the mucus and the nuclear ma 
but excessive acidification led to shrinkage and destruction of the nuclei. 
responding intensification of contrast was not obtained with other acids, ace 
acid, on the contrary, actually prevented the color differentiation. The a < > ' 
of sulfuric acid to the dye solution, however, appeared to increase consi e ■ 
the intensity and substantiality of the staining. In this connection it 
served that the use of hydrochloric acid alone resulted in an 
of dye during the later steps of the method, whereas the combination o 0 
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eliloi-ic and sulfuvic acids prevented such loss. Addition of alum prevented loss 
of mucus from the slide and brought out sharply tlie intracellular mucus in a 
striking color contrast. The use of mildly acidulated water for washing en- 
hanced the staining of the nuclear and cytoplasmic substances, Avhereas pure 
water imparted a purplish color to these materials, and more higlily acid solu- 
tions led to a marked loss of dye. 

None of the foregoing procedures, however, yielded any degree of per- 
manence of metacliromasia, unless the smear was tbced after staining. To this 
end we tried formalin (10 per cent), Susa, forniol-alcoliol, and saturated solu- 
tion of HgCh ; only the last one of these gave the desired result. Its use before 
staining, however, was ineffective. The metacliromasia could thus be preserved 
throughout the usual treatment with alcohol and xylol, and subsequent mount- 
ing in balsam even improved the brilliancy of the colois. 

The finished preparations show both e.xtra and intracellular mucus stained 
red to purplish red. The cells, on the other hand, are invariably stained blue, 
the nuclei being clearly differentiated from tlic cytoplasm by the greater depth 
of blue color. Contrast between intracellular mucus and cytoplasm is very strik- 
ing, Smears prepared according to tins technique pei-mit a study of fine cellu- 
lar details wth the oil immersion lens. 
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CHEMICAL 


THE ASCORBIC ACID SATURATION TEST 

(A pRELIJtlNARY RePORT) 


Lt. Comdr. John J. Engelpried,* H-V(S), USNR 
With the Technical Assistance of IMary A. jMcAVillians, Ph. H. 2/0-^ 


S INCE the isolation of vitamin C in 192S by Szent-GjmrgyiJ many investiga- 
tors have been interested in the chemical determination of this vitamin in 
iilood and other body fluids. Various authors have shown that the normal adult 
should have a daily intake of at least 50 mg.“"® Leveowich and Batclielded 
believe that the calculated ascorbic acid content of foods in a freely chosen 
diet may be overestimated and give a false sense of security as adequatene.s.s of 
vitamin C. According to Heineniann,- at least 0.8 mg. of ascorbic acid pee 
kilogram body weight is used by a normal vitamin C-saturated individual; how- 
ever, 0.4 mg. or less daily is probably sufficient to prevent seurvvL To maintain 
tissue saturation, 1.7 to 2.0 mg. per kilogram body weight is required.® 

An individuaUs past intake of vitamin C may be decided either with an 
estimation of tlie ascorbic acid content of the blood or with the use of a satura- 
tion test, in wdiich a luiown quantity of vitamin C is administered and the rate 
of excretion in the urine for a standard period of time is determined. Th^ 
saturation test is based on the assumption that a past deficiency of vitamin 
results in a low concentration in the tissues. Therefore, when this vitamin is 
administered (orally or intravenously), the tissues are capable of rapidb ^ 
moving it from the circulating blood and a veiy small quantity is excreted m 
urine. On the other hand, if the tissues are saturated, then, when the test oso 
is administered, the ascorliic acid will be removed from the blood and excie 
in the urine in varying quantities, depending on the degree of tissue satuiation- 
Lewis et al.® found that the renal threshold for ascorbic acid in twelve noima^ 
adults ranged from 1.1 to 1.8 mg. per 100 e.c. Faulkner and Taylor' agi'ce t at 
this threshold is in the vicinity of 1.40 mg. per 100 e.c. of serum. ^ 

A saturation test may be preferable to a blood determination 
venipuncture is not required. Furthermore, as stated by Harris,” "a 
level in the blood probably gives less clear quantitative evidence of the exac 

tent of the deficit. ...” . . plied 

There are objections to the use of the term ‘‘tissue saturation as 
to ascorbic acid concentration in tissues. Hon® observed that ascorbutic 
were capable of removing more ascorbic acid from a solution than norma i- 

ical school. 
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The saturation test described by Harris* consists of a test dose of 700 mg. 
per 10 stone body weight (140 pounds), which is administered orally at 10;30 
A,M. During the peak of the vitamin excretion, 2 to 4 :30 p.m., a 2J/,-hour urine 
specimen is collected. This test dose is repeated daily until the body’s reserves 
appioaeh saturation, wliich is indicated by the rise of the ascorbic acid e.\’cretion. 
The saturated individual should excrete at least 50 mg. per 10 stone weight for 
the 21^'hour period on the second day, while an inadequate vitamin C intake 
is manifested by requiring a longer period of time before obtaining a satisfactory 
response to the test dose. 

Other workers liave recommended a 24-liour saturation test. Also, for this 
purpose, ascorbic acid may be used intravenously. According to Hawiej- and 
Stephens,’* in s,aturated subjects the maximum excretion, after oral administra- 
tion, is obtained during the third, fourth, fifth, and sixth hours; while after 
intravenous use it occurs during the first aud second hours. 


JIETHOB OP STUDY 

In this study the snbejets were requested to avoid eating fruit, fruit juices, 
and tliose foods high in vitamin G, immcdialci.r before and during the test. 
After breakfast, flic bladder w.as emptied, and the subject was given 200 mg. 
ascorbic acid, and a glass of water. (The tablets were swallowed in the presence 
of the autlior.) The bladder was emptied every hour for six iiours. The 
majority of the urine specimens were titrated* (with a standardized, purified 
sodium 2,fl dieiiioropiienol indophenoi) within fifteen to twenty minutes after 
voiding. In one part of this study the specimens were coliected over a 24-iiour 
period. The night specimens were pre.served wifii acetic acid and titrated the 
following morning. 

All were adults ; tlie imajority were between 20 to 30 years of age. 

One gi-oup of seven women and eight men. presenting a history of having 
had considerable fresh fruits and vegetables for at least one month prior to the 
test, were selected for the firat part of this study. These were considered to 
be average normal adults oii au adequate vitamin C diet, A second group of 
eigliteen nicu, presenting the history of having had a limited quantify of fruit 
and fresh vegetables, w'ere .selected on the assumption tiiat tliey had an inade- 
quate vitamin C diet. The third pai-t of the investigation consisted of four 
patients suspected of a definite vitamin C dcficicuey. An additional study was 
undertaken on three men to determine the e.xcretion of ascorbic acid during a 
twenty.four hour period, without and with the test dose. 


RESULTS 


Fifteen adults, considered to have had an adequate vitamin C diet, received 
an oval administration of 200 mg, of ascorbic acid (Table I). The average 
total excretion for the four-hour period was 27 mg ; the total for the six-hoiir 
period was 50 mg. The range for the four-hour test was 17,3 to 71.6 mg., wiiiie 
the si.x-iiour range was from 27.9 to 82.3 mg. 


•Ascorbic acid whicli is a strong: reiluemff agent, is capable of decolorizing sodWm 2,6 
dichlorophenol indophenoi. It is well understood that other substances may also be present 
in uriPB possessing' tills properly. Thes* &ubsladEVces can be removed with inej-cunc or barium 
acetate. Por clinical purposes, this does not appear to be neceasarj’. 
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Table I 


Adequate Vitasiin C Intake Showing Milligkams Excreted in Urine* 



FIRST 

HOUR 

MILLIGRAMS 
SECOND THIRD 
HOUR HOUR 

PER HOUR 

FOURTH 

HOUR 

FIFTH 

HOUR 

SIXTH 

HOUR 

TOTAL MG. 
4 HOURS 

TOTAL ilG. 
fi HOURS 

1. 

5.6 

4.2 

(Group 1 — Females) 

20.3 9.7 12.7 

8.8 

39.8 

61.3 

2, 

0.5 

1.4 

7.0 

9.0 

27,2 

19.3 

22.9 

69.4 

3. 

3.6 

0.0 

10.2 

9.9 

20.7 

23.0 

23.7 

67.4 

4. 

5.1 

14.8 

47.0 

4.7 

5.6 . 

5.1 

71.6 

82.3 

5. 

6.4 

2.1 

5.9 

9.9 

15.5 

7.7 

24.3 

47.5 

6. 

4.2 

2.5 

3.4 

7.2 

5.9 

4.7 

17.3 

27.9 

7. 

1.0 

1.6 

5.6 

12.1 

23.0 

9.4 

20.3 

52.7 

Ave. 

4.49 

3.80 

14.20 

8.93 

15.80 

11.14 

31.41 


8. 

0.4 

6.7 

(Group 2 — Males) 

6.1 11.2 9.8 

7.3 

24.4 

41.5 

9. 

1.6 

7.9 

3.6 

6.2 

7.8 

7.7 

19.3 

34.8 

10. 

1.4 

9.4 

19.0 

7.2 

8.2 

25.2 

37.0 

70.4 

11. 

2.5 


18.2 

7.2 

6.9 

13.2 

27.9 

48.0 

12. 

1.3 

5.5 

7.6 

6.7 

8.1 

5.1 

21.1 

34.3 

13. 

0.5 

0.9 

8.5 

13.7 

7.1 

4.8 

23.6 

35.5 

14. 

0.5 

2.8 

9.7 

9.8 

8.0 

7.2 

22.8 

38.0 

15. 

0.3 

0.4 

3.6 

16.3 

17.7 

6.8 

20.6 

45.1 

Ave. 

1.07 

4.20 

9.53 

9.79 

9.2 

9.7 

24.59 

43.49 


2.56 

4.00 

(Averages of Groups 1 and 2) 
11.57 9.41 12.9 

10.33 

27.54 

49.96 


•After oral administration of a 200 mg. test of Ascorbic Acid. 


The eighteen subjects selected, because their history indicated an inadequate 
vitamin C diet, excreted, after oral administration of 200 mg. of ascorbic acid, 
an average of 3.2 mg. for four hours and 5.1 mg. for six hours (Table II)- 


Table II 

Inadequate Vitahin C Intake Showing Milligrams Excreted in Urine* 



FIRST 

HOUR 

MILLIGRAMS PER 
SECOND THIRD 

HOUR HOUR 

HOUR 

FOURTH 

HOUR 

FIFTH 

HOUR 

SIXTH 

HOUR 

TOTAL MG. 
4 HOURS 

tot.il mo- 

6 HOURS 

16. 

2.1 

0.9 

0.5 

0.4 


0.5 

3.9 

G.U 

17. 

0.0 

1.0 

0.5 

0.0 

0.3 

1.3 

1.5 

3.1 

18. 

1.2 

0.9 

0.0 

1.2 

0.3 

0.9 

3.3 

4.5 

19. 

0.5 

0.6 

1.4 

1.0 

0.8 

1.0 

3.5 

5.3 

20. 

0.7 

0.4 

0.0 

1.4 

1.1 

0.4 

2.5 

4.0 

21. 

1.8 

0.5 

0.4 

0.6 

1.0 

0.5 

3.3 

4.S 

22. 

1.0 

0.5 

0.5 

0.5 

0.8 

0.6 

2.5 

3.9 

23. 

0.4 

0.6 

0.4 

0.4 

0.6 

0.8 

1.8 

3.2 

24. 

1.4 

0.6 

O.S 

0.3 

0.6 

0.6 

3.1 

4.3 

25. 

1.0 

0.5 

0.4 

0.7 

0.6 

0.5 

2.6 

3.7 

26. 

0.4 

2.5 

2.5 

0.7 

1.0 

2.4 

6.1 

9.5 

28. 

0.1 

0.2 

0.5 

0.9 

0.9 

1.2 

1.7 

3.S 

29. 

0.2 

0.5 

0.9 

0.8 

1.0 

1.1 

2.4 

4.5 

30. 

0.9 

1.0 

2.2 

0.9 

1.9 

1.4 

5.6 

8.3 

31. 

1.0 

1.1 

2.8 

0.3 

1.2 

1.7 

5.2 

S.l 

32. 

0.5 

0.5 

1.1 

1.1 

1.2 

0.9 

3.2 


33. 

34. 

0.6 

0.8 

0.7 

0.6 

1.6 

0.6 

0.5 

0.5 

1.0 

0.8 

0.8 

0.9 

3A 

2.5 

D.-i 

4.2 

Ave. 

0.81 

0.76 

0.95 

0.68 

0.96 

0.97 

3.20 

5.1j 


•After oral administration of 200 mg. of Ascorbic Acid. 


The four patients suspected of a vitamin C deficiency were tested with t us 
saturation test (Table III). During the six-hour period, the average excretion 
was 6.55 mg. After receiving approximately 200 mg. of A'itamin C (from iru 



ENGELFKIED: ASCORBIC ACID SATURATION TEST 


327 


juices) daily for sixteen days, these patients were retested. The average 
excretion for the 6-hour test period was 118.3 mg. Three of the four patients 
excreted 116.9, 163.5, and 149 mg. of ascorbic acid, indicating that their tissues 
were well saturated. 

T.vble hi 

Response to Daily Obal Administration op Vitamin C Showing 
itlLUGRAMS E.XCRBTED IN UBINE* 


illLLIGILVMS PER HOUR 


p.\.tient 

test 

FIRST 

HOUR 

SECOND 

HOUR 

THIRD 

HOUR 

FOURTH 

HOUR 

FIFTH 

HOUR 

sixth 

HOUR 

TOTAL 
MO. 4 
HOURS 

MO. 6 

TOTAL 

HOURS 

liy 

1st 

0.2 

0.5 

0.9 

0.8 

1.0 

1.1 

2.4 

4.5 


2ndt 

0.3 

4.7 

28.6 

29.7 

37.1 

16.5 

63.0 

116.9 

30 

1st 

0.9 

1.0 


0.9 

1.9 

1.4 

5.0 

8.3 


2iidt 

3.0 

po «> 

31.5 

31.1 

32.0 

43.7 

87.8 

163.5 

31 

1st 

1.0 

1.1 

2.8 

0.3 

1.2 

1.7 

5.2 

8.1 


2ndt 

1.1 

8.6 

31.0 

21 0 

30.8 

50.5 

61.7 

149.0 

32 

1st 

0.5 

0.5 

1.1 

1.1 

1.2 

0.9 

3.2 

5.3 


2ndt 

0.2 

0.4 

7.4 

15.5 

10.2 

10.2 

23.5 

43.9 


•After oral administration (test dose) of 200 nig. 

tSccond teat was made 16 days after the first test; dunne this interval the patients 
received approximately 200 mg. of vitamin "C” daily. 


Table IV 


Twenty-Four Hour Urinary Excretion of Vitamin C Before and After Oral 

.(\DMINISTB.VT10N OP ASCORBIC ACID 
Showing nulligrstmi. per specimen 


TIME , 

HOURS 



SUBJECT 

BEFORE 

13 

AFTER* 

SUBJECT 

BEFORE 

15 

after* 

1 

0.2 

1.6 

0.2 

05 

0.1 

0.3 

2 

0.4 

7.9 

0.1 

0.9 

0.02 

0.4 

3 

t 

3.6 

t 

8.5 

0.1 

3.0 

4 

0.5 

6.2 

0.2 

13.7 

0.2 

16.3 

5 

2.1 

7.8 

t 

7.1 

0.7 

17.7 

6 

1.3 

7.7 

1.2 

4.8 

0.4 

6.8 

8 

' t 

6.5 

O.S 

3.0 

0.2 

5.5 

10 

0.6 

3.7 

0.5 

5.0 

1 1.0 

0.8 

12 

1.4 

12.4 

1 0.8 

1.8 

0.5 

0.3 

14 

0.4 

4.2 

1 1 

t 

t 

t 

20 

t 

f 

0.0 

5.3 

1 t 

3.7 

”2 

7.5 

4.9 

! t 

t 

' t 

t 

24 

3.1 

6.5 

0.9 

1.6 

0.5 

0.6 

Total 1 

17.4 

73.0 

1 4.7 

52.8 

3,7 

55.9 


•After oral administration of ZOO mg. of Ascorbic Acid. 
tNo urine specimen collected. 


Another individual witli a liislory of a very inadequate vitamin C diet 
excreted 3.8 mg. in the 6-hour period. After receiving 50 mg. of ascorbic acid 
daily for six days, a second test resulted in an excretion of 3.7 mg. After 
twentj'-nine days on this 50 mg. dose, the response to a test dose was 10.3 mg. 
for the six-hour period. Tlie daily dose was increased to 75 mg. Six days later 
the response to the test dose produced satisfactorj’ results, with an excretion of 
■17 mg. in six hours. 

Finally, a study was made on three individuals on an adequate vitamin C 
diet to detortniue tlic rate of ascorbic acid excretion during two consecutive 
twenty-four hour periods (Table IV). During the first twenty-four liour period 
these men had a normal diet witliout the test dose. After tlie last urine specitnen 
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was collected for this first period, these men were given 200 mg. of ascorbic 
acid, and the urine specimens were collected for the second twenty-four-hour 
period. The results show that there is a marked difference in the ascorbic acid 
content of the 24-hour urine specimens before and after a test dose is admin- 
istered. 


SUMMARY 

1. Satisfactory results can be obtained with a 200 mg. saturation test. 

2. Since the maximum rate of excretion, after oral administration, occuis 
during the third, fourth, fifth, and six hours, a six-liour saturation test appears 
to be satisfactorjL A four-hour saturation test probably ivill give satisfactory 
results. In either case, hourly specimens are not necessary. 

3. An adequate vitamin C diet is indicated by a urinary excretion of ap- 
proximately 20 mg. or more of ascorbic acid in four hours, or approximately 
30 mg. or more in six houi’s. Less than 10 mg. in six hours can be definitely 
considered inadequate. 
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METHODS THE DETERMINATION Of^ THIOURACIL IN TISSUES 
AND BODY FLUIDS*' 


Robert H. Willluis, jM.D., Bernard J. Jandokf, Pii,D.,t and 
Gloria A. Kay, B.S., Boston, Mass. 


D uring the P^st t\vo years the goilrogeinc effects of certain thionreas and 
sulfonaniides have been j'eporfed by several observers,*'* Mackenzie, 
Mackenzie, and McCo}i\im* noted, while studyiii!? the effect of sidfaguanidinc on 
the bacterial synthesis of vitamins in rat intestines, that marked cjdnrgeinent of 
the thyroid resulted from iJiis dnig. Richter and Clisliy,' wlien investigating 
the effects of various unpleasant tasting substances in rats, found that phenyl 
thiourea induced goiter formation. Kennedy and Purves’ demonstrated in rats 
a goitrogenic effect of raiiesood, this effect being ascribed to thiourea,* Subse- 
quent studies by Mackenzie and Jlackcnzie,’’ as well as In* Astwood and associ- 
ates,** revealed that a large number of sulfonamides and thioureas caused in 
rats not only marked thyroid enlargement, but also a decrease in the liasal oxy- 
gen consumption. 'Wlieroas these changes were prevented liy liypophyscctomy 
or by the simultaneous administration of tliyroxin; diodotyrosinc and potassium 
iodide had no effect. Tbe.sc .sulfonamides and thioureas inliibit tiie production 
of the thyroid hormone, leading to a fall in the ba.sal metabolism and enlarge- 
ment of the thyroid gland. Astwood' found that 2-tliiouraeil possessed the.se 
properties to a greater degree than any of a largo number of substances which 
he tested. He also reiiortecP tliat three thyi’otoxie pafient.s treated witli fliiourea 
or thiouracil experienced a fall in tlie basal oxygen consumption and a remission 
of their symptoms M^illiams and BisselP confirmed these observations and also 
found tliat the plasma protein-iiound iodine I'eturncd to normal in a.ssociation 
with thiouracil therajjy. An arliilrary dosage of about one gram daily has been 
used, but it is de.sirable to a.scertain the miuimal effective dosage .since one case 
of severe agranulocytosis resulted fixmi the thiouracil treatment.® The ultimate 
solution to this problem mu.st be based upon the iTsponse of tlie patient to vary- 
ing dosages, but it would be very helpful to know about the rate of absorption 
from the gastrointestinal tract, the distribution tlmmghout the body, and the 
rate of excretion of tlie drug. Several months ago we began an investigation of 
these points, but since no jnethods had been reported for the dolcrmination of 
tliiouracil in tissues and body fluids, it was fir.st nece.s.s;n-y to attack lliis problem. 
In this paper we arc jircsenting the methods winch we have found to be sati.s- 
faetory. 

The methods chosen are ba.sed on Grote V" ohsei-vation that a blue color was 
formed by substances of a C «=» S type when ti'catcd with a special reagent. 

•Prom the Thorndike Memorial l*Jborator>'. Second ami Fourtli Medical Services <Har- 
vard), Boston City Hospital, and the Dcpaitment of Aledlclne. Han-ard Medical School. 

Ting InvesUffatlon was aided by o srant from the AliUon Fund of Han-ai,j University. 
tPclIow of the Commontt'calth Fun«l. 

Received for publication. Jan. II, I91J 
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Grote ’s reagent was produced by the treatment of sodium nitroferrieyaiiide in 
sodium bicarbonate solution with hydroxylamine hydrochloride followed by 
bromine. The reaction is apparently limited to compounds of divalent sulfur 
linked to a single nonmetallic element; thiouracil (2-thio, 6-oxypyrimicline) has 
this linkage. 

AIETHODS 

A. Preparation of Grote’ s Reagent . — In preparing the reagent used by 
Grote, 0.5 Gm. of sodium nitroferrieyanide is dissolved in 10 c.c. of water in a 
small beaker at room temperature. To this mixture is added 0.5 Gm. of h}- 
droxylamine hj'drochloride and then 1 gram of finely powdered sodium bicarbon- 
ate. The beaker is kept covered with a wmteh glass until the evolution of gas has 
ceased and then 0.1 c.c. of bromine is added. The cover is replaced until gas no 
longer evolves. This solution, which is clear mahogany brown, is filtered into 
a 25 c.c. volumetric flask and then diluted to volume. Before using this solu- 
tion it is further diluted 1 :5.“ 

B. Determination of a Standard Curve. — A 10 mg. per cent aqueous solu- 
tion of thiouraeiP is prepared. The pH is adjusted to 8.5 with normal sodium 
hydroxide, using a glass electrode for the pH determinations. Aliquots of 0. a 
to 1 c.c. are diluted with distilled water to 1 c.c. To each tube is added 1 c.c. 
of Grote ’s reagent. After standing for fifteen minutes, 4 c.c. of 1 pec 
sodium chloride is added to each tube to a total volume of 6 c.c., and 
tensity of the color is immediately determined in the Evelyn pbotoelec im 
colorimeter, using a 660 filter and No. 6 diaphragm. The tube used as a lan’ 
contains 1 c.c. of Grote ’s reagent and 5 c.c. of one per cent sodium chlou^e. 
IVlien the results are plotted on semilogarithmic papei', a straight line is o 
tained. 

C. Urine Analysis . — The urine is preserved with chloroform oi 
chloric acid. The pH of the entire specimen is adjusted to form 8.5 to 
normal sodium hydroxide. About 10 c.c. of the urine are centrifuged an 
0.25 to 0.5 c.c. of the clear layer is pipetted into a colorimeter tube. Fo “ 
the addition of 1 c.c. of Grote ’s reagent, tlie tube is allowed to stand foi 
minutes. It is then diluted with 1 per cent sodium chloride to 6 c.c. an 
immediately in the colorimeter, as in the case of the standard solutions. 

D. Blood Analysis . — To 1 c.c. of oxalated blood Is added 1 c.c. of 
water. The tube is shaken and the pH is adjusted to from 8 to 8.5. Iheii . 

of a 5 per cent solution of tinqisin (technical) is added, and the j ^ e. 

cubated at 37° C. for twelve hours. A protein filtrate is prepared, pgr 

of the digested blood mixture, 7 c.c. of distilled watei-, 1 c.c. of 5 per cen 
sulfate, and 1 c.c. of 7 per cent sodium tungstate. The pH of the fihia 
justed to from 8.5 to 9. Then 5 c.c. of the filtrate are pipetted into a co 
tube, and 1 c.c. of Grote 's reagent is added. After fifteen minutes, 
of color development is estimated in the colorimeter as in the case ol ' 
ard solutions. Occasionally a slight cloudiness develops after 
Grote ’s reagent, in wliicli case the solution is filtered through No. - 


filter paper. 

•The thiouracil was supplied by the Lederle Laboratories. Inc. 


pearl River. 
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B. Tissue Anulysis . — To the tissue is added an equal volume of water and 
about one-half this volume of normal sodium iiydroxide. A homogenous sus- 
pension is prepared in a "Waring Blendor or in a mortar. Tlie mixture is al- 
lowed to stand overnight in the icebox, and an aliquot of 1 e.c. is taken for 
analysis. A protein filtrate is prepared by means of the copper sulfate-sodium 
tungstate mixture, as in the case of the blood. Following the adjustment of the 
pH from 8.5 to 9.0, 5 e.c. of the filtrate arc pipetted info a colorimeter tube. 
Then 1 e.c. of Grote’s reagent is added, and the color is eestimated after fifteen 
minutes. 

COMMENTS 

A. Physical and Chemical Properlics of Thiouracil . — Little or no data on 
the proiiertics of thiouracil seem to have been published since Wheeler and 
Liddlo L' reported the synthesis of tliis compound in 1908. Thiouracil is a 
Avhite, odorless, bitter powder. It is insoluble in methyl alcohol, ethyl alcohol, 
carbon tetrachloride, acetone, and mineral acids; it can be partially extracted 
from an acidified aqueous solution by shalcing with ether over a prolonged period 
of time. A saturated aqueous .solution contains about 50 mg. of thiouracil per 
100 0 . 0 . at 25° C. Due to its acid properties, it forms very soluble salts on ad- 
dition of sodium or potassium hydroxide to an aqueou-s suspension. Solutions 
of thiouracil are not affected bj- heating to 80° C. for ten minutes, although they 
lose 20 per cent of their thiouracil content when kept in a boiling water bath 
for five minutes; 100 per cent when autoclaved for five minutes at 105° C. under 
fifteen pounds of pressure. 

Dry tliiouracil is stable for months at room temperature. It has been 
found to remain stable for several da.ys when kept in the icebox (5° C.) whether 
in the form of an aqueous solution, or in urine, blood, or tissue extracts. No 
destruction occurred when a solution containing 20 mg. per 100 e.c. of thiouracil 
was e.xposed to direct sunlight for one hour. 

B. Factors Affecting the Color Reaction . — Tlic maximal color reaction be- 
tween thiouracil and Grote’s reagent takes place at a pH from 8 to 9. The 
further the pH is removed from this range, the less intense is the color pro- 
duced. 

Although some color begins to develop as soon as Grote’s reagent is added 
to a solution of thiouracil, the maximal reaction, at room temperature, requires 
about fifteen minutes. If an interval longer than fifteen minutes is allowed to 
elapse between the addition of the reagent to the solution of thiouracil and 
the dilution of this mixture to 6 e.c., the color so produced graduallj' decreases ; 
after seventy-five minutes, the intensity is only one-half that obtained after 
fifteen minutes (Pig. 1). On the other hand, tlie color of the diluted mixture 
decreases only 3 per cent on standing ,Tt room temperature for sixty minutes. 
The rale of the reaction can be increased by heat ; the maximal color at 55° C., 
60° C., and 75° C. is obtained in five, four, and two minutes respectively. How- 
ever, the process of heating may cause some cloudiness which interferes with 
colorimetric estimations. Light was sliown to affect the reaction, since only 40 
per cent of the usual color developed when 0.5 c.e. of a 20 mg. per 100 c c. solu- 
tion of thiouracil was added to Grote’s reagent and permitted to remain in the 
dark for fifteen minutes. 
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Undiluted G rote’s reagent will remain stalile for two weelis or more if kept 
in the icebox. However, it should be tested with a standard solution of tliiouracil 
at intervals of two to three weeks. The onlj’- component of Grote’s reagent wliidi 
we have thus far observed to deteriorate is hydroxylaniine hydrochloride. AYe 
have found this substance to lose appreciable activity within six weelis, in spite 
of keeping it stoppered and in the icebox most of the time. 

Although a number of factor’s affect the color intensity, when the determina- 
tions are performed in the manner outlined previously, relatively constant re- 
sults are obtained, making it unnecessary to make frecinent estimations on stand- 
ard solutions. 


% 

IOC 


75 

MAXIMAL 

COLOR 

50 


25 


0 15 30 45 60 75 

MINUTES 

Fig. 1. — The effect of time on the intensity of the coior produced by the reaction ot room 
perature of thiouracil (8 per cent solution) with Grote's reagent. 



C. Analysis of Specimens . — In all of the analyses conducted we have nse ^ 
as a blank for the colorimeter readings 5 c.c. of distilled water and 1 c.c. ot 
Grote’s reagent. This is permissible because all of the specimens to he assaje , 
except urine, give a clear colorless filtrate, and the quantity of urine used is so 
small that the yellow color does not interfere with the determination. 1 
Urine. — Thiouracil is soluble in urine in dilutions of 1 :2000, and, therel’oie, i^ 
should lie in solution with the do.sagcs ordinarily used therapeuticall.V. ^ 
the pH of the urine .siiecinien is adjusted to S.5, complete solubility is assin 
A slight precipitate usually follows alkalinizatioii, but this can be remoie 
centrifugation. (2) Blood . — The analysis of blood proved to be a much nioi 
difficult problem than that of urine. It is necessary to obtain a clear filtnde^ 
accurate colorimetric estimations. However, it is found that a large ])‘R ^ 

thiouracil remains in the precipitate. Zinc sulfate, sodium hydroxide nnx < 
trichloracetic acid, and tungstic acid all proved to be unsatisfactory as pr 
precipitants because they render the thiouracil insoluble. Since the 
tion of thiouracil in the resulting filtrates is always far below that nectss. 
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to produce a saturated solution, i.e., aljoul 50 ma. per 100 c.e., it seems that thi- 
oiiraeil at an acid pH combines with the prccipifafed proteins or tlicir hreaMown 
products. Tills is borne out b.v the fact that u-hen tlie proteins of licmolyzed 
blood were digested with trypsin, recoveries wcm-c iiieoiiiplete when the above 
precipitauts were used, Precipitation with sodium tungstate and copper .sulfate, 
on tlie other hand, yielded .satisfaetory recoveries. Thus, the hrst step in the 
analysis of blood is to lieiaolyze it with distilled water. The pH is then ad- 
.insted to from S to 8.5, since this is the range for maximal activity of ti-ypsin. 
Incuhatioii is carried out at 37° C. for at least eight horn's; shorter intervals 
lead to incomplete extraction. As the blood becomes more alkaline upon incuba- 
tion, the protein filtrate is sometimes blue in color due to copper. However, 
upon reducing the pll to S.5, the filtrate again becomes colorless. Occasionally, 
when Grote's reagent i.s added to the filtrate, a cloudiness develops but this is 
readily removed by filtration. (3) Tissues . — 'When the qnantit.v of thiouraeil 
is expected to be small, the amount of fluid added should be only enough to pei'- 
nut the formation of a tliiii emulsion of tissue. Sodium hydro.xide is used to 
c.xtraet thiouraeil from the tissues; for complete extraction it is advisable to 
permit the mixture to stand overnight. It is necessary to prepare a protein- 
free filtrate in order to obtain a coloifcss solution. Digestion of the tissue pro- 
teins ■with trypsin has been found iinnccessar,v. 

Table I 


BECovEay OF Taioi’a.vcn, Added -do the tiiiLXE a.vd Blood 


UfilN'E 

sr.ooD 

ADDED 

HErOVEnEO 

PER CENT 

ADDED 

RECOVERED 

PER CENT 

iro./lOO C.C. 


RECOVERY 

•MO./lOO C.C. 

Mfl./lOO C.C. 

RECOVERY 

0 

0 


0 

0 

— ... 

2 

n 

100 

0.4 

0.32 

80 

4 

3.9 

9S 

1.6 

1.4 

88 



100 

2.4 

2.1 

100 

0 

0 

100 

3.2 

3.2 

100 

8 

S 

100 

4.0 

4.0 

100 

10 

10 

100 

0.0 

.7.9 

9S 

20 

19.8 

99 

8.0 

S.O 

100 

50 

49.2 

98 

10.0 

9.6 

9G 

100 

96 

96 





The analysis of liver differs .slightly from that of the other tissues in that 
it is advisable to remove the excess fat. A .suspension of liA-er in a weakly alka- 
iineine solution is extracted with ether, preferably overnight. The ether is then 
decanted and the usual procedure is I’csuined. 

D. Kecoveries — In an aecowpanying paper'® are presented the results of 
numerous anal.rses of the thiouraeil eontont of urine, blood, and tissues of pa- 
tients. In a number of experiments, thionracil was added to such materials in 
quantities sufficient to yield concentrations approximating those obtained in 
the anal.rses. Assays of the content of thiouraeil in these specimens iisuaily 
gave values which were from 90 to 100 per cent of the amount added. 

.small quantities of thiouraeil could he recovered to an extent of not le.ss than 
around SO per cent due to analytical error in such low ranges of coneentration. 
The results given in Tables I and II are representative of the ones which we have 
obtained repeatedly. 
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Table II 

Recovery op Thioukacil Added to Tissue Suspensions 


ADDED 

MG./lOO C.C. 

LIVER 

KIDNEY 

MUSCLE 

RECOVERED 
MG./lOO C.C. 

PER CENT 

RECOVERY 

RECOVERED 
MG./lOO C.C. 

PER CENT 

RECOVERY 

RECOVERED 
MG./lOO C.C. 

PER CENT 
RECOVERY 

0 

0 



0 


0 


0.4 

0.4 

100 

0.3 

75 

0.4 

100 

0.8 

0.7 

87 

0.7 

87 

0.7 

87 

1.2 

1.2 

100 

1.3 

107 

1.2 

100 

1.6 

1.5 

94 

1.6 

100 

1.0 

94 

2.0 

2.0 

100 

2.0 

100 

2.0 

100 

4.0 

3.8 

95 

3.8 

95 

3.7 

93 

6.0 

6.0 

100 

6.1 

101 

5.9 

98 

S.O 

7.6 

95 

7.6 

95 

7.8 

97 

10.0 

9.6 

96 

9.8 

98 

10.0 

100 

20.0 

19.8 

99 

19.9 

99 

20.0 

100 

40.0 

38.0 

96 

39.0 

97 

38.0 

96 

60.0 

55.0 

91 

56.0 

93 

58.0 

96 

100.0 

98.0 

98 

98.0 

98 

100.0 

100 


E. Evidence for the Identity of Thiouracil in Tissues and Body Fluids.— 
To test the specificity of our colorimetric procedure, a great number of possible 
breakdown products of thiouracil, as well as other types of sulfur compounds, 
were treated with Grote’s reagent. These experiments indicate that an ap- 
preciable color with the reagent, under our conditions, is produced only by those 
possessing the group 

S 

\N— C— N<^. 

Potassium sulfide, sodium sulfite, thiocjmnate, and thiosulfate, uracil, urea, 
creatinine, cysteine, cystine, glutathione, choline, methionine, thiamine, and 
sulfanilamide were tested in concentrations equivalent to 100 mg. per 100 c.c. 
of thiouracil. According to Gi-ote's findings,^® all the compounds in this list 
which contain divalent sulfur linked to a single nonmetallic element can be e.'i- 
peeted to yield a color with the reagent. This agrees vnth our findings that 
sodium thiocyanate and thiosulfate, in neutral or acid solution, produce a bhie 
color- with the reagent ,- even creatinine will react in this way in acid solution. 
However, none of the above compounds yielded any color when their solutio^ 
were adjusted to a pH from S.5 to 9 befoz-e addition of Grote’s reagent, nor did 
their presence inhibit or enhance the color formation due to 10 mg. per 100 c.c. 
of thiouracil. Sodium pentothal yielded 10 per cent, and thiobarbiturdc aci 
35 per cent of the color produced by an equivalent amount of thiouracil. 

Thiourea, under the above conditions, yields an intense color with Giotea 
reagent; this color is a pure blue as contrasted with a greenish-blue obtainc 
with thiouracil. Rough absorption spectra of the color of thiouracil and tlno 
urea with the reagent were obtained by determining the absorption of such so u 
tions in the Evelyn photoelectric colorimeter with the filters available 
laboratory ; the filters used had their maximum transmission at 420, -HO, a- > 
540, 565, 620, and 660 m/r. At the same time, similar absorption curve.s 
obtained for urines collected after administration of either thiouracil or 
by mouth, with due corrections for the light absorption of the urine an 
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Gi’ote s reagent. Fig. 2 shows that there is considerable dif¥erence in tlie ab- 
sorption curves of the compound formed by Grote’s reagent with tliioiirea and 
thiouracil, respectively. This was to be expected from the visually apparent 
difference in color between these compounds referred to earlier.* However, a 
marked similarity is obvious between the sbaiie of the absorption curve of pure 
thiouracil or thiourea and of the urines containing the excretion products of 
either one.t At wave lengths up to 520 iii/i, urines treated with Grote’s reagent, 
when corrected for the absorptions of the reagent and the urine, .showed some 
absorption ; the same was found for urines devoid of thiouracil or thiourea. Ob- 
viously Grote’s reagent reacts with some normal urinary constituent to yield a 
compound which absorbs in this region. Neither the urines nor the reagent 
showed any appreciable absorption at w.ave lengths greater than .520 m/i. 



b, Absorption curves of the reaction piuduct of Grote’s reagent with tiiiouracil (x x) 

uiid with urine containing the excicUon pioduct of orally udinlnistcred thiouracil (0 0) 


lu several instances, extracts were prepared of liver, heart mnsele, and 
skeletal muscle of guinea pigs wliich had not been given any thiouracil. Tliese 
extracts, as well as urines and blood filtrates from patients wlio had not been 
treated with tliiouracil, never yielded any color when Grote s reagent was added 
to them. 

SUMILUIY 

1. jMethods are described for the estimation of tlic content of tliiouracil in 
tissues, urine, and blood. 

S 

\ i' / 

2. The methods depend upon the fact that the — C — linkaire of thi- 


•The validity of the above approximate spectrometne method wa.s established by com- 
paring the absorption curves of Fig 3 with more complete ones obtained for tliiouracil with 
a Hardy recording spectrophotometer, and for thiourea with a Beckmann spectropliotomeler 
The two sets of spectia for the same compound were supcriinposabte Jiloicover. bv extending 
the spectrum of thlouiacil to 700 my. it was found to show a maximum .it about (WO tn/i. thus 
malcing it appear very similar to Uiat of thiourea except for a sliift of about 90 to 100 him 
towards the red part of the spectrum. 

tThe differences in the absolute viai/Httudes of absorption, as opposed to the relative 
absorptions expressed by the shapes of the curves, between the pure drugs and their urinary 
excretion products is due, of course, to differences m the concentration of the chromogen in 
Uiese respective solutions. 
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oiiracil reacts ivith sodium aquoferricyanide in alkaline solution giving a 
greenish color which can be quantitated in a colorimeter. 

3. Thiouracil in blood is partially bound to proteins. It can be liberated l)y 
trj'ptic digestion before assaying. 

4. Using the methods which we have descrilied, almost complete recovery of 
added thiouracil can be obtained. 
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PROCEDURE 

1. Preparation of Extract of Jack Bean Meal. — To 150 c.c. of saturated 
sodium chloride solution in a 300 c.c. Erlenmeyer fiask, add 40 Gm. of Jack 
Bean Meal, 4 Gm. of permutit, and shake vigorously several minutes. Let the 
mixture stand twenty-four hours at room temperature. Shake the mixture again 
a few minutes and then centrifuge. Filter the supernatant solution through 
ordinary filter paper. Cover filter, as the filtration may require several hours. 
Keep in a small dropper bottle. Use 1 drop for each 2.5 c.c. of acid tungstate 
protein free filtrate. 

2. Preparation of Commercial Urease Solution. — To 50 c.c. of saturated 
sodium chloride solution, add 2 Gm. of urease (Squibb double strength powder) 
and shake vigorouslj’' a few minutes. Let stand one hour and filter. Cover 
filter, as this filtration may require a few hours. Keep in bottle with dropper. 
Use 1 drop of this solution for each 2.5 c.c. of acid tungstate protein-free filtrate. 

Ordinary precautions against contamination of the urease solutions should 
be taken. 

The stability of the saturated salt extracts aged from nine to seventeen 
weelis at room temperature is indicated by the good agreement between old 
and fresh extracts (Table I). Blank determinations made upon fresh saturated 
salt extracts and 9 to 17 weeks ’ old saturated salt e.xtracts used in the prepara- 
tion of the data in Table I were negative for ainmonia nitrogen or ammonia 
nitrogen-forming elements. The blood urea nitrogen method of Karr‘ was used 
for the comparison of the extracts. Blood .specimens for the data in Table I 
were taken from hospital patients during routine laboratory examination. 


SUIBLVRY 

A procedure is described for the preparation of concentrated extracts oi 
Jack Bean Meal and of commercial urease which are stable several weeks at room 
temperature. 
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CLINICAL AND EXPERIMENTAL 


SHOCK RESULTIiNG FROJI THE INTRAPEEITONEAL IMPLANTATION 
OP RECONSTITUTEH DESICCATED JIDSCLE* 


R. E. I^FumuRAD, an'i> J. M. Hill, 3LD., Dallas, Trx, 


T he intraperitoneal implantation of skeletal musele pulp lin.s been demon- 
strated bj’ Jloon^ to give rise fo fatal shock when appropriate doses are used. 
We have modified this technique by desiccating the ground muscic from the 
frozen state and subsequently introducing the diy muscle plus a small volume 
of water into tlio peritoneal cavity by means of a syringe and trocar. 

METWOa^ 

Healthy mongrel dogs under nembutal anesthc.sia (1 c.c. per 5 pounds 
body weight) were used. Skeletal muscic was obtained from the liind limb 
of a normal dog wtii tiie usual sterile surgical precautions. The muscle was 
passed through a sterile meat grinder and desiccated from the frozen state by 
the adtevac process.® This proecdni'e jdeldcd a coai’se, partly fibz'ous powder 
able to soak water readily. The dried muscle, 20 grams per unit, was stored in 
Erlenmeyer flasks for several weeks. Prior (o use, 2o c.c. water were added to 
each unit. The resulting tliick paste of muscle was introduced under pressure 
into the peritoneal cavity by means of a stei’ile metal syringe and a large trocar 
oi’dinarily used for suprapubic stab. The small incision for the trochar was 
closed with two to tlirec sutures. The animals were obsen'cd periodically, 
and small samples (2 to 3 c.c.) of venous blood were obtained for the following 
procedures: hemoglobin concentration of blood (photoelectric),^ red blood 
cell count, hematocrit,^ whole blood- and plasma-specific gravity.*^ As soon a.s 
the animals were conq^Ietely aw'ake from the anesthesia, water by mouth wa.s 
allowed. 

•rVojii the William Uuclianan Blood, Pl.isma. an«l Scrum Center. 

Keceivoa for publication, Aug-. 10, 1913. 
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Fig. 1. — Fatal shock by intraperltoneal implantation of muscle substance. There is a ten'’'"'®! 
hemodilution in this case. The plasma specific gravity was steadily lowereo. 
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2. — Recover>' followinjj a periotl of hemoconcentration. A prominent anemia 
after recoveiT# but the phisma specific gravity was elevated. 
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In the seven exjxTijnent.s conducted, live animals received 15 to 25 "rams 
of desiccated muscle, and two received 40 "rams. 

Speeimeus of tissue from the viscera for microscopic .study (H and E 
stain) were obtained fi-om the animals after death. 

RESULTS 

AU animals recovered from the ane.stlietic witliin 5 to 10 liours and were 
able to stand, up in tlieir ea^es. Tliree animals subsequently died in the state 
of shock; hut four animals survived after a period of henioeoneentration and 
“toxic appearance” and clinically appeared normal for the one to several 
weeks observed. 



Fig. — Photomlciograplj of lung following fatal shock (X223>. There Is markeC capillarlo- 
venous stasis, edema, and capillary hemorrhages. 


All animals displayed venous heiiioconeeiitration. The animals that ex- 
pired in shock exhihited the greatest peak of hemoconeenfration from 18 to 22 
hours after the implantation, while of those that sun-ived, the peak was 
reached in 8 hours in two, and in 18 to 22 hours in three. Tlie degree of 
hemoconcentration was iiuieh lower in those animals that survived when eom- 
pax-ed to the group that expired. In the survival group, hemoconcentration 
began to lessen after 10 to 22 hours and reached ucar-eontrol levels within 30 
to 48 hours of the implantation, and in the subsefiucnt days anemia developed. 
Two of the animals that died displayed a moderate terminal decrease in the 
venous hemoconcentration. 
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The plasma-specific gra^aty was lowered substantially before the Jinii7i«k 
were allowed water. This decrease began shortly after the implantation, and 
continued for as long as 34 houi-s. According to "Weech’s formula, “ such de- 
crease in plasma-specific gravity represents a lowering of the plasma protein 
concentration. With survival, the plasma-specific gravity was elevated as 
anemia appeared. 

When the animals were fully awake fi-om the anesthetic, a ravenous thiist 
was obseiwed. Vomiting was prominent, but some water appeared to be 
retained. There was weakness and a lethargic appeai’anee throughout the 
experimental period, and the dogs sinwiving rvere disinterested in food for 
48 to 72 hours. 



Fig. 4.— Photomicroffraph of liver following- fatal shock (X225). There la prominent atropio 
of liver cords near Uie central vein and veno-sinusoidal stasis. 


Microscopic examination of the viscera and peritoneum following 
shock revealed the widespread changes described by Moon.^ The capihaii®* 
and vennles of the Inngs, kidnej’s, suprarenal cortex, liver (sinusoids), 2 n 
omentum were diffusely dilated and stuffed with red blood cells. Puhuonar} 
edema was marked, and the cortex of the suprarenal glands displayed proniineB 
infiltration nith poljTnorphonuelear neuti'ophilic leucocytes. The liver cor ^ 
near the centr-al vein displayed prominent atrophy, and in one liver there ivas 
fairly widespread fattj- metamorphosis. Cells of the renal convoluted tub 
were granular and contained frequent small vacuoles. The spleen was cob 
tracted and almost bloodless. Sections in the region of the muscle imp an * 
revealed marked acute inflammation of peritoneum and surrounding structure^, 
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focal proteolysis of the implanted muscle, marked infiltration of neutrophilic 
leucocytes with focal degeucrafion (kaiyorrhexis) of the leucocytes. The 
leucocytic infiltration extended into tlie bowel wall and the addominai muscles. 

Examination of tlic peritoneum of the surviving animals wccics later dis- 
played encapsulation of tlie muscle remiuiiits by omentum with a partially 
fibrous wall. The exudate changed and became predominantly composed of 
numerous macroplmgos (chronic inflammation). 

In one animal dying in shock the peritoneal cavity contained 500 c.c. of 
a wateiy fluid. TJie other animals revealed a .scanty amount of bloody peri- 
toneal fluid. No other serious effusions were ob.servcd. 




I 



Fiff. 5. — Photomicrograph of peritoneal region in fatal case (XISO). Thc»e is prominent 
ctlcma of acilposc tis.sua with flbnn UeposItJon in enIargo<l iiitcr'sticci. In afidition. the out- 
.stanihng inftltiatlon by polynuclear jieutropliIJie leucocytes is Ucmon.stralcd about the implanted 
inu&clc fiagnionts. 


COMMENT 

Tlie intraperitoneal implantation of pi'cviously desiccated skeletal muscle 
is capable of producing fatal shock in dogs in the same manner as Jlooid has 
demonstrated undcsiecated muscle to produce fatal shock. Tlio dose necessary 
for consistent fatal shock apparently exceeds 5 grams of dry muscle substance 
per kilogram body wciglit, since with doses of this size and less, only 3 out of 
7 dogs died in shock. Since Moon' has observed consistant fatal shock with 
such doses of unchanged muscle substance, possibly the desiccation reduces the 
effeclivencss of the shock-producing agent. 
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The local lesion at the site of the implants was inflammatoiy in nature. 
At first the inflammation was aente with prominent edema of the peritoneum 
and surrounding tissues, lymphatic dilatation, and infiltration by polymorpho- 
nuclear neutrophilic leucocytes. Later there was fibrous proliferation about 
the implants mth partial absorption of the muscle by macrophages. In no 
section did we encounter microscopic evidence of bacterial contamination. 

Most of the features in this type of shock resembled those of freezing 
shock.’’ The degree of venous liemoeoncenti’ation was quite comparable, and 
the findings in the viscera were similar, except for the peritoneal inflammation 
associated -with the muscle implantation. 



Fig. 6 . — ^Photomicrogrmph of peritoneal region after recovery (X225). Macropiiagos are prom 
inent in addition to remaining^ leucocytes. 


A greater portion of the bulk of the muscle fragments remained in d’® 
peritoneal cavity after recovery. Apparently once the hemoconcentrating effects 
(circulating plasma loss) were overcome, the muscle substance lost its s lo 
producing qualities and pei-sisted as a foreign body in the peritoneal cat it} ■ 
The decrease in plasma protein concentration (plasma .sp. gr.) tvas coii^ 
tinuous tvith the muscle implantation group and culminated in a st'd® ° 
liypoproteinemia. Such decrease in plasma protein concentration must 
the passage of a substantial amount of fluid into the plasma stream and 1ms im 
been observed during freezing shock. 
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Two features in the inieroscopie study were of interest. First, there was 
tile marked central atropliy of the liver encountered (see photomicrograph). 
The liver cord cells near the central vein were thin and naiaw, giving the 

sinusoids a widened appearance. This feature and fatty degeneration have 

been observed in certain experiments on freezing shock.' Second, there was 
the lack of marked capillary dilatation and stasis in random samples from 

the general somatic musculature. Tliis finding would seem to indicate that 

the capillaries of the viscera and peritoneal surfaces are the ones most 
prominently involved. Tiic same observation has been made in the state of 
shock following a severe freeze of one hind extremity of a dog. 



The fact that in the dogs surviving, the muscle pulp after a period of 
time, measurahle in hours (up to 22 hours in the present group), looses its 
ability to promote oligemia and hemoconeentration and by all indications 
becomes an inert foreign substance supports strongly the contention of Moon* 
that substances capable of producing capiUarj' damage are absorbed from the 
muscle pulp. The ahsoriition of such suKstanccs must he the predominant 
ciuisc of the oligemia. In another form of c.xperimental slioclt, resulting from 
freezing and thawing of a hind limb of a dog,' the loss of p!a.sma fluid into the 
damaged limb seems to he the predominant cause of the oligemia. Botii 
types of shock give rise to a similar appearance of the viscera. 
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CONCLUSIONS 

Eeeonstituted desiccated muscle is capable of producing fatal shock in 
dogs when it is implanted in the peritoneal cavity. For consistent fatal shock 
a dose greater than 5 grams per kilogram seems necessary. 

The changes in the viscera are identical to those following freezing 
shock. A dilution of the circulating plasma proteins was noted where follow- 
ing a freeze no change or concentration of the plasma proteins had been 
observed. 

The fact that after a period of time in the survival group the innscle 
substance looses its shock-producing qualities, i.e., its ability to lower the plasma 
volume and cause hemoeoncentration, is evidence in favor of the absorption of 
shock-producing substances. This feature is in contradistinction to shock- 
follo'wing a severe freeze of one hind extremity where local plasma fluid loss 
appears to be the predominant etiologic factor. 
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ACUTE MACROCYTIC HEMOLYTIC ANEMIA OCCURRING 
FOLLOWING ADJIINISTRATION OF SULPADIAEINE"^ 


John A. Layne, M.D., and P. R. ScHEiiar, 31.0., Great PallSj 3Iont. 


W E HAVE recently had opportunity to observe the development of an acute 
macrocytic hemolytic anemia in a patient with brojicliial asthma who was 
receiving sulfadiazine for the treatment of broiichopncnmonia. A high titer of 
the cold agglutinin was present also in the plasma of this patient. TJiere liavo 
been a number of reports of hemolytic anemia following administration of sulfa- 
nilamide, but it has l^een observed less fi’oqiiently with the use of sulfadi- 
azine.^’ ^ We feel, therefore, tliat this case is of .sufficient interest to report. 

CASE report 

Mrs. IT. K., aged .19 yctirn, had suffered from hay forer and bronchial astlima since 
the ago of 16. TJiere had been progression in the severity of her asthmatic exacerbation.^, 
and hospitalization was necessary in October, 19J2, for an especially sc'^ere nttacU. The pa- 
tient was re-admitted to the liospital on Jan. 24, 194.1. Slie had had paro.\ysmal dyspnea, 
cough, and fever for a week prior to admission; vomiting .md headache had been piescnt for 
24 hours. 

Examination at tlio time of adnii^sion to the hospital .^Jiowed an ober.e wliite female 
weighing 98.G kilograms, severely dyspnelc, moderately cyanotic, and complaining of severe 
lieadachc. Her temperature was 104.4* F. (rectal), pulse 110 pi’r minute, respirations 24 
per minute. There were asthmatic rales and wheezes throughout both lung field-^. The rales 
were coarser and more abundant over the left bas? posteriorly where tlie peieussion note and 
transmission of breath sounds were impaired. The blood pressure was 110 millimeters of 
mercury systolic and Co ralllinietors diastolic. The physical findings in the remainder of the 
examination were within uoriual limits. Repeated examination.^ of tlie sputum sliouod n pre- 
dominance of streptococci; no acid-fast organisms were piescnt. The Wassermann test of 
tho blood was negative. The otlior peitincnt laboratory Jiniliiig.s are shown in Table I. 

The clinical inipicssiou at thin time was that the patient had a bronehopneuraonia in 
tho left lower lobe suporimpo.<!ed upon a chronic bronchial asthma 

With symptomatic and general supportive treatment, progress was sati.'-factory for the 
first forty-eight hours and tlie temperature descended to 100,6* F. (rectal). On tl>e evening of 
January 26 the patient experienced a sudden chill and elevation of temperature to 103.2* F. 
(rectal). Sulfadiazine was then, started and continued in the dosage shown in tlie table. 
Eoentgenoscopic examination of the chest on January 28 showed a number of densities about 
ono centimeter lu diameter throughout tho left lung field. Tlic right lung appeared to be 
clear at this time. The sulfadiazine was dmcontinued on January .31, as there appeared to 
bo no clinical iraprovemout from its use. On this day urinalysis sliowod the presence of many 
crystals of sulfadiazine; tlic specific gravity of “this specimen of urino was 1.017, albumin 
and casts were absent, and the total urino output for that 24-hour period was 1400 c.c. In 
the next twenty-four hours a marked elevation of temperature occurred together with clinical 
signs of extension of the pneumonia to tJio right lung, and this was confirmed by roentgen- 
oscopio examination. Tlio sulfadiazine was resumed for a period of twenty-one hours, in uliicU 
time 8 Qm. were given. It was discontinued tlie evening of February 3 bccaus^e of the alarm- 
ing clinical appearance of tho patient. Afarkcd pallor and extreme prostration wore present. 

•Fiom the Department of Jlcdictne. Great Kails Clinic. 

Received for publication. Sept. 3. 1943. 
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On tlio following morning tlie laboratory ci'idcncc of the blood eluingps shown in flio fable 
was obtained. Forty-two hours after the last Jo&e of sulfadiazine was administered on Feb- 
mary .1, tlie Ic\el of tho drug in the blood was .still 2.7 ntg, per 100 c.c. Granular ea.sts 
were present in the urine from February b' to Kebiuary 9. The urine was examined for 
hemoglobinuria on several occasions but none wsis present. 

E-vamination of the stained smears of tho periplieral blood on February 4 at the time 
tliat the hemolytic anemia was first apparent showed anisoej to.sis, poihiloeyfosis, and a con- 
siderable number of nucleated red blood cells. The leucocytes nere normal except for a, 
marked shift to the left with an increascnl number of band forms. Considerable difficulty w.as 
experieuceil in preparing blood smear.s as a result of the cdutnping of the erythrocytes. Be- 
c.auso of tliKs difficulty and because nil indirdduals whoso blood was of the same group as the 
patient’s failed to cross match, the presence of the cold agglutinin was suspected and this 
was found to be present. The reaction of the auloagglutination which w.'is present in the 
patient’s plasma was accelerated by cold and was reversible at 37“ C. These changes per- 
sisted in tho blood during the next four days, during which time the hemoglobin decreased 
further to 3.73 Gnj. per 100 c.c. and the erythrocyte count to 1.27 millions. There was a 
marked reticuloeytosis, and tho cold agglutinin remained actively present. The patient was 
slightly icteric during this period and tho blood bilirubin was 2.9 mg. per 100 c.c. Tlie quali- 
tative van den Bergh reaction was dehayed. Tho patient was much too ill during this time to 
permit collection of feces for quantitative determination of urobilinogen. There were 2.4 
and 3.0 mg, of urobilinogen per day in the urine (obtained by inlydng catheter) on February 
C and February 8 respectively. Tlie fragility test of the blood was normal. The platelet 
count was 240,000. Bleeding and clotting tiroes were normal. Aside from the rise in blood 
urea (sc© table), the other metabolites of tho blood including cholesterol, chlorides, carbon 
dioxide combining power, and tlio plasma proteins were normal. 

During tho period from February 3 to 7, the patient continued to fail clinicplly. She 
was comatose, incontinent, and there w.as elevation of temperature and pulse rate. Sho re- 
mained at a semimoribund level until February 10, when Sfhe began to sliow signs of clinical 
improvement, w'hich continued slowly but steadily until discharge from the hospital. Sup- 
portive measures included} oxygon administered constantly from January 31 to February 10 
and intermittently to February 17; adrenalin, minims 5 every hour from January 2d to Febiu- 
ary H and intermittently theieaftci; ephodrine and occasional doses of aminopliyllinej and 
intravenous supplements of 5 per cent glucose in dhstillcd water nhpncvcr a diminishing urinarj* 
output indicated their need. During tins entire period, however, urinarj' output was never 
allotted to decrease below 93n c.c. in a 24-hour period and in niost instance.s exceeded 1200 c.c. 
On puicly empirical grounds, liver extract w.as administered intramuscularly in a dosage 
of 90 units on Februaiy 9 and February 10, and it was continued in a dosage of 15 units 
daily thereafter for two iveeks boeau.se of the coincidental improvement folloiving the massive 
doses. Tho clinical response preceded any favorable changes in the blood. 

E.\'araination of the fundi appeared to give a good indication of the destructive effect 
on the vascular bed coincident to the hemolytic anemia. As (he patient’s condition gradu- 
ally improved, she became aivare of the fact that she had suffered a loss of visual acuity. 
Examination of the fundi on February 19 bj* Dr. A. L. Weipgerber showed the presence of 
many retinal hemorrhages. The deeper onci> wcie round, sharply circumscribed, and of a 
dark led color. One of these had a sharply punched out ccutei. Supei/icial hemorrhages were 
also present but were not as abundant as the deeper ones. The disc? were normal. The blood 
vessels were of normal size and mildly tortuous. The loss of vision ivas accounted for by the 
presence of many heniorrhage.'s in the macular areas. No fresh hemorrhages appeared after 
this time, and by the time the patient was discharged from the hospital on March 6 theie 
was considerable improvement in the appearance of the fundi. By that lime several of tlio 
beniorrhagos had been ab.<«orbed and the remaining ones were gradually fading. Visual 
acuity hud improved to the point that the patient was able to read largo news print. 

At the time the patient ivas discharged from tho hospital on March 6, sho was still weak, 
although .riio had been allotted to be up m a chair for short intervals. The asthma was still 
present and required an occasional injection of adrenalin. The cold agglutinin could no longer 
bo demonstrated in tho blood, having disappeared a week previously. Tho reticulocytes had 
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returned to normal, and examination of tire morphology of the peripheral blood showed no 
significant change from the normal. 

Since discharge from the hospital, the patient has been seen at the Clinic on two occa- 
sions. On March 31, hemoglobin had increased to 15.7 Gm. per 100 c.c., and the erythrocyte 
count to 5,720,000. IVlien last seen on May 14, she had been well except for an occasional 
attack of asthma. 


DISCUSSION 

Peterson, Ham, and Finland® have recently reported three cases in which 
acute hemolytic anemia occurred in patients suffering from primary atypical 
pneumonia of unlmown etiology. Each of these patients had received sulfa- 
thiazole or sulfadiazine. In two of these patients a reversible autoliem- 
agglutinin (cold agglutinin) was present. The authors found in addition that 
the cold agglutinin tvas present in the serum of the great majority of patients 
with primary atypical pneumonia; a large percentage of those patients sliowing 
increased concentrations of autoagglutinins had not received sulfonamide tlier- 
apy during the course of their illness. Reisner and Kalkstein® in an extensive 
review of the literature up to 1942 -were able to collect only 54 cases of auto- 
agglutination. The recent reports hy Peterson, Ham, and Finland® and of 
Horstmann and Tatloek,® liowever, suggest that this condition occius with 
greater frequency than has been previously recognized. 

Watson and Spink^ obseiwed an increased hemoglobin metabolism follow- 
ing the administration of sulfanilamide and sulfapyridine, associated with a 
tendency to the development of a macrocytic, hypochromic type of anemia. 
However, the actual factors which appear to accelerate the development of 
anemia in certain sensitive ( ? ) individuals remain unknown. 

The many retinal hemorrhages and the loss of visual acuity which oecuiTCcl 
in this patient ivarrant further mention. Peterson, Ham, and Finland' oii- 
seiwed that phlebothromboses and pulmonary emboli occurred in certain of 
their patients showing cold agglutinins in the blood. It does not appear im- 
probable therefore that the retinal hemorrhages seen in this patient were as- 
sociated “with intravascular clumping of the erythrocytes, thrombus formation, 
and subsequent damage to the wall of the blood vessels, leading to hemorrhages 
outside the vessel wall. 

Improvement in the patient’s condition occurred coincident to the adiiim 
istration of 90 units of liver extract (15 units per cubic centimeter) on t'lo 
successive days. At this time there was no evidence that this therapy was 
in its action, and that recovery might not have ensued without its use. 
recent report of Kornberg, Daft, and Sebrell,* however, does offer some expen 
mental evidence to suggest that the liver extract may have had a role in the le 
eoveiy of this patient. These authors observed that rats fed sulfathiazole, si 
diazine, or sulfanilamide at a one per cent level in purified diets deyelope^^^^^ 
severe granulocytopenia or anemia, or both. Treatment with certain luei n 
tions administered oraUj^ succeeded in correcting the granulocytopenia an 
anemia in spite of continued ingestion by these animals of the sulfonami e-i 
taining diet. 

SUIDLARY 

1. A case of acute maerocj'tic hemolytic anemia wtiieh occurred follow 
sulfadiazine therapy for an atypical pneumonia is reported. 


a, and th® 
eon- 
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2. A true reversible cold lieniasglutinin was present in the plasma of this 
I)atient during the period of acute illness. The possible relation of this phe- 
nomena to the changes occurring in the retinae and the resulting loss of visual 
acuity is discussed. 

3. Recovery of the patient oecim'ed coincident to the administration of liver 
extract. Recent experimental observations in animals would appear to justify 
further study of the effect of this therapy in tlie prevention and treatment of 
macrocytic hemolytic anemia in the human being, particularly those cases oc- 
curring subsequent to the administration of the sulfonamides. 
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MICROSCOPIC OBSERVATION OP COLLODION PARTICLE 
AGGLUTINATION IN PROTEIN-ANTIPROTBIN 
SYSTEMS'* 


M.VKTIN Burger, M.Sc., New York, N. Y. 


I T HAS been, shown that it is possible to obtain antigen -antibody reactions on 
the surface of collodion particles, thus converting precipitin or flocculating 
type of reactions into agglutinations^'^ A comparison of the collodion particle 
agglutination technique with other methods of determining antigen and anti- 
body titem has also been reported.®'** 

The object of this report is to show that, by means of a microscopic tecli- 
nique, antibodies can be detected at titers much higher than those obtained by 
the precipitation test or by the macroscopic collodion particle agglutination 
method. 


EXPERIMENTAL 


Collodion particles were prepared as described in a previous communica- 
tion.® Three comparative sets of experiments were carried out. simultaneously 
for each protein and its homologous rabbit antiprotein antibody, namely: (a) 
an ordinary precipitation test, (b) a macroscopic collodion particle agglutina- 
tion test, and (c) a microscopic collodion particle agglutination test. 

The precipitation tests were made by adding 0.5 c.c. of antigen (diluted 
1 :10 in saline) to 0.5 c.c. of antiserum dilutions. The mixture was sliaben 
thoroughly, placed in the refrigerator overnight, and read, the following day. 

The macroscopic collodion particle agglutination tests were made by fimt 
sensitizing the collodion particles with antigen. This was accomplished h' 
centrifugalizing, for five minutes at 3000 revolutions per minute, 5 c.e. of tlie 
stock collodion particle suspension. The aqueous supernate was discarded an 
the sediment resuspended in 10 c.c. of antigen (diluted 1:10 in saline). This 
suspension was placed in the refrigei’ator overnight and centrifugalized fm 
one to two minutes at 3000 revolutions per minute the following day. -Ml bu 
0.5 c.c. of the supemate was decanted; then 9.5 c.c. of saline were added 1** 
sediment and mixed thoroughly to give a homogeneous suspension. The pai w 
so sensitized constituted the antigen. For the test, 0.2 c.c. of each antiseiuai 
dilution was added to 0.2 c.c. of sensitized particles (antigen) in agglutinafiou 
tubes. The tubes after thorough shaking were placed in the refrigerator oier 
night, and on the foUowng day 0.5 c.c. of saline was added to each tube. ' 
tubes were then centrifugalized in the angle centrifuge for one to two 
at 1500 revolutions per minute, and the agglutination was observed 
tapping the bottom of the tube a few times, thereby resuspending the stc 
T he addition of the 0.5 c.c. of saline, as stated above, and the use o a i < 

^rom the William Halloek Park Laboratory, Bureau ot Laboratories, Departnan 
Heulth* 

Received tor publication. Sept. 8, 1943. 
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nifier glass greatly facilitated the readings. A mieroseopic e.xamination of 
each suspension showed a twofold or fourfold increase in the titer, but in most 
instances a clear-cut final titer or end point was not obtained because the antigen 
controls in some experiments or the antiserum controls in other e.xperiments con- 
tained clumps which were not detectable macroscopieally but resulted in 
anamolous readings in the region of the end point when examined micro- 
scopically 

Table I 


CincKEN-AKTirmcKEN System 



ANTI- 



tube 

DILUTION 

1: 

1 READING 

REMARKS 


Ordinart/ Predintaticm, Test 


1 

5 

+ 

Antigen control; 0.5 c.c. chicken serum 

2 I 

10 

+ 

(1:10) -f- 0.5 c.c. saline. 


20 

SI. cloud 

4 

40 

- 


5 

SO 

- 

Antigen + pneumococcus antiserum (rab- 

G 

160 

> 

bit) control: 0,5 c.c. chicken serum 

Antigen oontrol 



(1:10) + 0.5 c.c. of an antipneuraococcus 

Antigen + pneumococcus anti- 


- 

scrum (1:5) 

serum ("rabbit) control 




Macroscoj^ic Collodion Particle Agglulinaiion Test 


1 1 

5 

1 + 

Antigen control: 0.2 cc. chicken serum 

2 

10 

+ 

sensitized colloOion particles + 0.2 c.c. 

3 1 

20 

+ 

saline. 

4 1 

40 



5 

80 


Antigen * pneumococcus antiserum control: 

0 1 

100 

- 

0.2 c.c. sensitized particles + 0.2 c.c. of an 

7 

320 

- 

antipncumococcus serum. 

8 

640 

- 


9 

1280 



10 

2360 

- 


Antigen control 


- 


Antigen + pneumococcus anti- 


- 


serum control 





Microscopio Collodion Particle Agglutination Test 


1 

5 

4+* 

Antigen control: 0.02 c.c. collodion par- 

2 

10 

o-f“ 

tides + 0.1 cc. antigen (1:10) - 1 - 0.1 c.c. 

3 

20 

2+± 

saline. 

4 

40 

2+ 


5 

SO 

2f 

Antigen + pneumococcus antiserum control: 

6 

160 

+± 

0.02 c.e. c.p. + 0.1 c.c. antigen (1:10) + 0.1 

7 

320 

+ 

c.c. of an antipneumococcus rabbit serum. 

S 

640 

+ 


9 

1280 

±(-) 

Collodion particle control: 0.02 c.e. c.p. 

10 

2360 

±(-) 

-f 0.2 c.c. saline. 

11 

5120 

i(-) 


12 

10240 

±(-) 

Antiserum controls: 0.02 c.c. c.p. + 0.1 c.c. 

Antigen r-ontrol 


±t 

antiserum dilution -i- 0.1 c.c. saline. 

Antigen -i- pneumococcus anti 


- 


seium control 


— 


Collodion particle control 





•Visible precipitate containing enmeshed collodion particles. 

tThe antigen control showed many small clumps and single particles in a ratio of about 
1:1 and is recoided as ±. Theiefore, tubes 9, 10, 11. and 13 %\hich also showed ± reactions are 
recorded as (-) negative. 


The microscopic tests, which fonii the basis of tliis report, were carried 
out essentially in a manner described previously.® In the present tests 0.02 
c.c. of collodion particle stock suspension was transferred to agglutination 
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tubes. Then 0.1 c.c. of antigen (diluted 1 :10 in saline) was added and mixed 
thoroughly. The tubes were allowed to stand for fifteen minutes, and finally 0.1 
c.c. of antiserum dih;tion was added. The tubes were rotated vigorously to 
assure thorough mixing and placed in the refrigerator overnight. The next 
day, a drop of the mixture was placed on a plain glass slide. Next to it was 
placed a drop of the antigen control mixture, and finally a third drop contain- 
ing the antiserum control mixteire was placed on the slide. Each drop was cov- 
ered with a cover glass and examined under the oil immersion lens. An explana- 
tion of the controls appears in the tables following. 

Table II 


Egg 'White- Antiego White Sy.stesi 



ANTI- 1 




tube 

SERDAf I 
DILUTION 1 

READING I 

REMARKS 



1: 1 





Ordinary Precipitation Test 


1 

2.5 

+ 1 

Antigen control: 0.5 f.e. egg white (1:10) 

o 

5 

+ 

+ 0.5 c.c. saline. 

3 

10 1 

Cloudy 

Antigen -i- pneumococcus antiserum con- 

4 ' 

20 1 


5 

40 


trol: 0.5 c.c. egg white (1:10) -t 0.5 c.c. 

G 

80 


of an antipneumococcus rabbit serum 

Antigen control 

Antigen -f- pneumoeoceus anti- 
serum control 

- 

- 

(1:5). 


Macroscopic Collodion Particle Agglutination Test 


1 

5 

-t 1 

Antigen control: 0.2 c.c. egg white sen.n- 

2 

10 

+ 

tized collodion particles -t 0.2 c.c. saiino 

3 

20 

+ 


4 

40 

± 

Antigen + pneumococcus antiserum com 

5 

80 

- 

trol: 0.2 c.c. .sensitized pai tides + 

6 

100 

- 

c.c. of an antipneumococcus rabbit serum. 

7 

320 



8 

040 



9 

1000 


1 

10 

3200 



Antigen control 

i 



Antigen + pneumococcus anti- 




serum control 






Microscopic Technique 


1 

D 

M-* 

Antigen control: 0.02 c.c. collodion pJ' 

9 

10 

3-(-* 

tieTe.s + 0.1 c.c. antigen (1:10) -t O-i 

3 

20 

2-4 ) 

saline. . , 

Antigen + pneumococcus anti.serum con • 
0.2 c.c. c.p. + 0.1 c.c. antigen (1 = 17 , ., 
0.1 C.C. of an antipneumococcus room 

4 

40 

+± 

5 

SO 

+ 

6 

160 


7 

320 

- 

serum. ^ x 

8 

040 

- 

Collodion particle control: 0.0- cc. c-u 

9 

1280 

_ 

0.2 c.c. saiino. Was negative. 

10 

2500 

_ 

Antiserum controls: 0.02 c.c. c.p. + 
antiserum dilution + 0.1 c.c. saline, 
negative. — — - 

Antigen control 

1 

- 

Antigen + pneumococcus anti- 
serum control 


i 


•Visible precipitate with enmeshed collodion particles. 


RESULTS 

Seven protein-antiprotein systems were studied ; namely, iiorse, hog, human, 
bovine, sheep, chicken, and egg white. The antisera to these proteins were pie 
pared in rabbits by the intra-abdominal injections of the antigens. 
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tabij: rrr 


BoVlNE-ANTIBOm'U SYSTEM 



' ANTI- I 



TUBE 

UmUTION j 

i 1: 

[ It£.VDIA'a I 
1 ! 

1 REMARKS 

! 


Orditwrff PrcctpUation Te.st 


1 

2 

3 

4 

3 

G 1 

*infigen, control 

Antigen -f pneunjofoiviis nib-, 
bit antiserum oontiol 1 

5 

10 

20 

40 

SO 

160 

i 

: + 

+ 

1 + 

ControN wt’ie piepuied similar to those in 
Tables I and II except that bovine and 
antibovjiie seia were used. 

Macroicopio Collotiioii Particle Agpluimatton Test 

1 

5 


[Controls ncre jnepared similar to those in 

O 1 

10 

1 + ! 

T'aWc**. I nud it except that bovine and 

i 

' 20 

+ i 

antibovino soiii were used. 

4 

40 

1 + 


5 

1 80 

- 1 


r> 

1 IGO 

- 1 


7 

1 320 



s 

I 640 



0 

! 1280 

- 1 


10 

2560 



Antis<?tt control 


- 


Antigen + pntmniococcuh nnti- 


- 


'’eruni control 

i 



Uicroseopic Technique 


1 20 1 


Controls were pii'p-aied simiiar to those ;n 

1 1 

' 40 

2+ 

Tables I and 11 except that boiino and 

3 

80 ! 

+± ' 

antibovino scia wcie used. 

4 

160 . 



5 

320 1 

+ 


0 

640 1 

±(-) 


7 

1280 1 

i(-) 


8 

2560 ; 

±(-) 


9 

5120 I 

4(-) i 


10 

10240 1 

i(-) 1 


Antigen control 


+ 


Antigen + pneumococcus anti- 




bcrum control 




Collodion particle control 


- 


Antiserum dilutions control 
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Table IV 

SUAIJIAJtY OF SoaiB OF T!lE pROTEJN-ANTlFROrELV REACTIONS 


svsTCij; j 

llIOJIE.ST TITER : 
BY ORIHNABY | 
rKECiriTATJUN i 
TEST. AXTI* 1 
SERUM nU.UTlOX 1 
llETUOD 1 

}]1R11E.ST TITEK , 
BY SIACROSCOWC 
( OLLODION 
PARTICLE ACOLtl- 
nxATJO.N TEST 

HlfiHi.'.ST TITER 1 
3Y .UICRO.SI'OITC 
COLI.OmON 
P.VRTICLB AGGLU- 
TINATION TEST 

1 HIGHEST TITER 
BY ANTIGEN 
' DILUTION ifETK- 
1 OD — ORDINARY 
i PRECIPITATION 
TEST 

Egg uhifo-antiegg i 

wliite 

^heep-antisheep 
Hog-antihog i 

Bovino-.antibovino 1 

Horse-antiliorse 1 

Chicken-antichiehen i 

Human-antilmman 

■ 

li 40 

1;100 

1: SO 

1; SO 

1: 40 

1: 2Q 

I; 50 

1 : 320 j 

1:1000 

1 : 160 

1 1: ;I20 

1 1: 160 

1: 640 
! I: IQO 

1 :50,000 

1:50,000 

1:40,000 

1:80,000 

1 1:80,000 

1 1:40,000 

1 !• 20,000 
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Tables I, II, and III give the results of comparative tests using the three 
methods described above ; for the chieken-antichicken, egg white-antiegg white, 
and bovine-antibovine systems. Table IV is a summaiy of the results obtained 
with some of the protein-antiprotein systems studied and includes tlie liighest 
titer obtained by the antigen dilution method in the ordinary precipitation test. 

SUMMARY AND CONCLUSIONS 

A microscopic method using a collodion particle agglutination tecliniqne 
for detecting the presence of specific antibody in several -antiprotein sera is 
described. In higher dilutions of the various. antisera studied, the method gives 
positive results while negative results are obtained at the same titer by either 
the ordinary precipitation test or the macroscopic collodion particle agglutina- 
tion test. 


I wish to thank Dr. Jules Freund for his suggestions and criticisms througliout tiiis stuily. 
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BILATERAL ADRENAL HEMORRHAGE C^VATERHOUSE- 
FRIDERICHSEN SYNDROME) ASSOCIATED WITH 
JIENINGOCOCCAL SEPTICEMIA^ 


Report of Four Cases in Adults With a Review' of the Literature 
j\Lvj. WiLLiAJi G. Bernhard, SI. C., A. U. S., and 
Capt. Arthur C. Jordan, Su.C., A. U. S. 


I N a series of 1S2 cases of ineiiingococcal septicemia seen at Station Hospital 
during the w'inter of 1942-43, special interest centers on the four eases of 
massive bilateral adrenal hemorrhage with purpura, recognized as Waterhouse- 
Friderichsen syndrome. 


No attempt will be made in this paper to review the literature on this sub- 
ject previous to 1939, as tlie excellent reviews of Aegerter,^ Sacks,* and 
Kunstadtor^ bring the total published cases to 73. Lindsay, Rice, Selinger, and 
RobbinsH collected 14 more cases and added seven of their own, making a total 
of 94 reported cases up to 1941. Since that article, Gi’nee, Harrison, and Davie" 
added three cases; ^loss and Schenken,® Drummond and Tooke,^ and Taylor and 
Kean® each added two cases; and Hughes,® Mallory,'® Fox," Leone,'® Kwedar,'® 
Monfort and I^Iehrliiig,'* ^Michael and Jacobus," and GolUck'® added one case 
each, bringing the total of reported cases to 111. In 1942, Banlcs and 
i^IcCartney'^ reported ten cases of meningococcal cnceplialitis. In reviewing this 
article we find that two of their cases appear to involve the adrenals sufficiently 
to be classified as Waterhouse-Friderichsen syndrome. The addition of these, 
together with our four cases, bnngs the number of publislied cases to date to 117. 

We have reviewed the articles by Bai’soum'® in 1936 and Thorstad'® in 
1942. Their cases w'erc of adrenal apoplexy, but cannot, w’e believe, be classed 
as Waterhouse-Fridericlusen syndromes. In Thoi-stad's review of the literature, 
he collected 22 cases of adrenal apoplexy. Only tliree of these were duo to 


•Fiom the Laboratory. Station Hospital. Army Air Forces Training Comnianil. Basic 
Training Center No. 7. Atlantic City, N. J. 

syndrome was first accurately described In the literature 
Cases of Purpura Ending Fatally Associated with Hemor- 
?, Brit J. Dennat, 13; 445-4(17, 1901 Cases 1 to 12). The 
onset, malaise, restlessness, and often gastrointestinal 

■ . jrtly by lethargy, which rapidly deepens Into coma. High 

fever, weak rapid pulse. Intense cyanosis, ’ ' ' ‘ he skin are char- 
acteristic. The disease is usually fatal ii . il^ssive, bi- 
lateral adrenal hemorrhage is the most ,^*1® etiology is. 

m from 60 to 70 per cent of the cases. In the reinaininc 

cases, pneumococcus, hemolytic streptocor . . Illus, and B. con 

have been isolated 

This article has been released for publication by the Bureau of Public Relations. War 
Department. Washington, D. C, The opinions and views set forth in Uiis article are those of 
the writers and not to be considered as reflecting the policies of the War Department. 


Tho report on bacterlologic studies in this series has been written by the above authors 
and published under the title "Purpuric t«esiona In Meningococcic Infections" (V. Lab. & 
Clin. Meo. ao; 273. 1944). The clinical report Is being written by Captains C. XI. Dumnier 
and 3C. l. Cloninger and will be published at an early date. 

Received for publication. Sept 9, 1943 

tin reviewing Kunstadtei's aiticle. wc And tho total published cases at that time to be 
73 instead of tlic 74 mentioned by Lindsay, Rice, Sclmgcr, and Robbins, Thus, the addition 
of 21 cases by these autliors brings the total to 94 Instead of the 96 mentioned by them. 
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infection, and Ave liave been unable to review these eases. We have been un- 
able to review the two articles by Landis"® on the Waterhouse-Fridericliseii 
sjnidrome. 

Inasmuch as about 86 per cent of all cases reported are in children under 
nine years, the four cases to be presented are of some interest as the age ranges 
from 18 to 21 years. Aegerter’s’ review of the literature found only six cases 
of Waterhouse-Friderichsen syndrome occurring in adults, and Foucar,®° in 
1936, reported one ease in a tAventy-year-old male. Kivedar’® reports one case 
of fulminating massive hemorrhage into both adrenals with purpura in a 
58-year-old Avhite female. Leone'® reports a case in an adult alcoholic with 
negative bacteriologic findings. In addition, the above-mentioned cases of 
Hughes® and Drummond and Tooke' and one case each of Grace, Hariison, and 
Davie® and Banlm and iilcCartney'’' occurred in adults. Including the four cases 
presented here, there are a total of eighteen eases occurring in adults reported 
in the literature to date. 

Chart 1 


SuiiiiART OP Actopsies axd Mortauty Kate 


Case 1. Cerebrospinal meningitis (epidemic). Waterhouse-Friderichsen syndrome. 
Case 2. Waterhouse-Friderichsen syndrome — (N. intraceilularis) . 

Case 3. Waterhouse-Friderichsen syndrome — (Organism not isolated). 

Case 4. Cerebrospinal meningitis (epidemic) — Gastrointestinal hemorrhage. Con- 
fluent bronchopneumonia. Agonal neurogenic gastric ulcer. 

Case 5. Cerebrospinal meningitis (epidemic). Tubular degeneration due to sulfa- 
diazine. 

Case 6. Waterhouse-Friderichsen syndrome — (Organism not isolated). 


Number of proved meningococcic 'meningitis and meningococcemia cases 
Number of deaths in this group 
hlortality rate 

Total number of cases, including 15 of undetermined etiology 
Total number of deaths 
Mortality rate 


167 

2.39 per cent 
182 
6 

3.29 per cent 


In Chart 1, a brief summary of the causes of death of the six cases is given. 
In the group of 167 proved meningococcus cases, there Avere four deaths or 
2.39 per cent. In the total number of cases, including 15 of undetermine 
etiology, there Avere six deaths or 3.29 per cent. These 15 cases shotved clou y 
spinal fluids and definite clinical signs, and coming during a meningococcus 
epidemic it is reasonable to suppose that the meningococcus was probably the 
eausathm organism. 

Cases 1 and 2 are cases of Waterliouse-Priderichsen syndrome caused 
Neisseria intracelhiJuris isolated cither frotn tlie blood, spinal fluid, or peteehiae. 
In Case 2, gram-negative intracellular diplococci Avere found on the sineai i 
peteehiae. In Cases 3 and 6, both associated Avith a fulminating septiceinut 
purpuric rash, and bilateral adrenal hemorrhage, no causative organism eo 
be isolated. They both occurred at the heiglit of the epidemic of cerebrospma^ 
meningitis. Cultures and smears of the peteehiae Avere not done at the mi 
these cases Avere admitted, and in all probability this Avould haAm been a va ua 


aid in diagnosis. 

A sunmiary of the pathologic findings in the four cases of \\atei i 
Friderichsen syndrome shoAved bilateral hemorrhage into the adrenals 
variation as to the amount of hemorrhage. In one case, it was .spotty in c lam ^ 
ter, while in another, the hemorrhage Avas sufficient to convert the adrena 
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Fie 1. — .1, low power {magnification. xl30) and B, hleli power (magnification. XiSO) 
pliotomicrograph of adrenal (Case 2, Chart 1) shotvmg extensive liemorrhase destruction of 
parenchyma. Tlie fine particles in the high power aic blood pigment and not bacteiiu. Hema- 
toxylin and eosm stain. 
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a degenerated blood cyst. The weight of the glands varied between 8 and 11.0 
Gm. (normal 5 to 6 Gin.). The histopathology of the drenals ii.snal]y eonfii'm.s 
the gross findings and depends on the extent of the hemorrhage. In two eases, 
the surrounding periadrenal fat was hemorrhagic and the diagnosis could be 
made grossly before the adrenals were dissected out. In three eases, neither the 
gross nor microscopic examination of the brain showed anj’ evidence of menin- 
gitis, but only congestion and edema. One case showed an obvious meningitis 
with only spotty adrenal hemorrhage. All cases had a petechial rash and two 
were cyanotic with large purpuric areas. One had petechiae on the pleura, 
and two showed purpuric areas on the epicardium and serosa of the small 
intestine. In one case both kidneys ivere studded with small petechiae, and in 
three the kidneys were intensely congested. IMesenteric lymphadenitis was 
noted in three, but no hyperplasia of Pejmr’s patches or solitary limiph nodes 
were found. Acute splenic tumor was found in all eases, and in one case there 
was persistanee of the thymus. The adrenal vessels were examined for thrombi 
in each ease but none were found. Histologic exammation of petechiae from 
the skin and heart showed engorged vessels and some extravasation of blood 
into the surrounding tissue. Slight inflammatory reaction was noted in one 
case, but no bacteria could be found on special staining. 

Case 5 recovered from the meningitis, but died from a toxic degeneration 
of the tubules of the kidney after prolonged sulfadiazine therapy and an as- 
sociated bronchopneumonia. Histologically, the tuiniles, particularly the pro.v- 
imal and distal convoluted tubules, were swollen, and the lining cells ivere 
necrotic with no emdence of injury to the glomeruli. This case is similar to tlie 
report of Hellwig and Eeed-* ivho believe thei’e ai‘e two types of renal lesions 
due to the sulfa drug therapy ; namely, toxic effects on the tubular epithelium, 


simulating mercuiy poisoning, and mechanical blockage of the urinary passages. 
Ergaiiian and DovaP- recently published a similar case in a nine-mouth-old 
child in which they also noted areas of focal necrosis in the liver after sulfa- 
thiazole therapy. In the Case Records of the Massachusetts General Hospital 
published in the New England Journal of Medicine,-’ a similar case is found, 
which in addition to toxic degeneration of the tubules also showed granu- 


lomatous lesions. Maisel, ileSwain, and GlemP'* produced these lesions m 
animals, and Rake, van D 3 "ke, and Coiwin-^ in their experiments on aiiiniab 
found an occasional one with severe toxic degeneration of the tubules. Kolnier 
noted similar findings in rabbits after sulfathiazole. Severe injury to tin-' 
tubules, glomeruli, and vessels was noted bj' Luetschler and Blackman-' folio"- 


ing sulfathiazole administration in several cases. 

Case 4 is of interest because of a history of vomiting with tarry stools toi 
three daj's previous to admissioii. Twelve hours later he developed convulsions 
and a fulminating meningitis and died in twentj'-four hour’s. An autops. 
showed no obvious cause for the gastrointestinal hemorrhage, and it is iiiterea^^ 
iirg to speculate whether the intei’nal hemorrhage was associated u'ith or 
bj' the severe meningococcus infection. A purpuric skui rash was not to 
this case. In view of the ectodermal tropism of the meningococcus for 
structures as the skin, brain, and adrenal medulla, it might be argued t la 
epithelimn of the gastrointestirral tract could be similarly involved. 
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suits on eultural studies and smears of skin lesions would indicate that they 
are the result of the direct action of the meningococcus on the capillaries and 
arterioles. TIic finding of gram-negative intracellular diplococci on smears 
from the purpuric skin lesions by lUIcLcan and Caffey.^® together with our ex- 
periences, would substantiate this view. From these findings, it might be as- 
sumed that the gastrointestinal hemorrhage in this ease was due to the direct 
involvement of the mucous membrane of the stomach and intestine by the 
meningococci. 

CASE REPORTS 

Case 1. — W. T., aged 19 year?, was admitted iu coma. No history was obtainable. He 
was continuously restless and extremely violent at times. His pulse was 100, temperature, 
99®, and there was a moderate rigidity of the neck with sparse purpura on the body and 
extremities. A spinal tap was finally attempted after much sedation, but the patient’s con- 
dition. remained critical, and he expired twenty hours after admission. Treatment consisted 
of saline and glucose, sulfadiazine intravenously, and blood plasma. Spinal fluid cell count 
was 2,900 with 95 per cent polymorphonuclears, and the smear showed gram-negative intra- 
cellular diplococci. Both the spinal fluid and blood culture were positive for N. intracellularis, 
Type X. 

Autopsy Findings . — The neck, chest, and head contained numerous petechiae. There 
were a moderate number of small petcchiae on the visceral pleura of the lower lobe of the left 
lung. There were also numerous small and large petecliiae on the epicardium over the left 
ventricle and auricle. The spleen, was enlarged and of soft consistency. The adrenal glands 
were enlarged, the right weighing 8.5 Gm. and measuring 6 cm. x 5 mm.; the left adrenal, 
weighing 8 Qm. Both showed spotty areas of congestion, and the periadrenal fat was hem- 
orrhagic. The mesenteric lymph nodes were palpable. The superficial vessels of the brain 
were engorged, and there was edema causing some flattening of the convolutions. Both 
cerebral hemispheres ^Yere covered with a yellowish-white exudate indicative of a severe 
meningitis. 

Microscopic examination of the cortex and medulla of both adrenal glands showed a 
moderate amount of hemorrhage with some degeneratiou of the cells. Sections from the 
petechiae of the pleura and the heart revealed numerous large and small hemorrhagic areas. 
The leptomeninges showed edema, congestion, and diffuse purulent inflammatory cell infiltra- 
tion. 

Case 2. — J. S., aged IS years, gave a liistory of onset of fever, chills, headache, vomit- 
ingj and generalized aching five hours before admission. No meningeal signs or evidence of 
purpura. Blood culture taken at time of admission was subsequently found to be positive 
for N. tntracellulans. Spinal fluid was clear with no cells or organisms and culture was 
negative after 48 hours’ incubation. Red blood cells, 4,020,000; hemoglobin, 90 per cent; 
white blood cells, 10,950 with 90 per cent segmented forms; 4 per cent staff cells; and 6 per 
cent IjTnphocytcs. The next day the patient’s trunk was covered with purpura and the neck was 
quite rigid. Blood smears from the purpuric areas showed gram-negative intracellular diplo- 
cocci which on culturing proved to be N. intracellularis. Type I. The patient expired m 48 
hours. The blood chemistry showed ; Nonprotcin nitrogen, 50 mg. ; urea N., 20 mg. ; sugar, 
167 mg.; chlorides, 462 mg.; phosphorus, 3.8 mg.; calcium, 10 rag.; CO„ 45 vol. per cent; 
vitamin C, 1.17 mg.; prothrombin time, 83 per cent; and cell volume, 31 per cent. 

Autopsy Findings . — Practically the entire skin surface was covered with small and large 
petecluao and large areas of purplisli mottling. There were a few rather large petechiae on 
tlio visceral pleura of both lower lobes. The heart weighed 326 Gm., and the epicardium cov- 
ering the left ventricle and auricle contained numerous petechiae. The spleen was moderately 
enlarged, and on sectioning was of deep red coloration. The right adrenal weighed 9 Gm. and 
measured 6.5 cm. x 4 cm. x 7 mm. The right adrenal was markedly congested, but there 
was still some evidence of pigment in some areas. The hemorrhagic areas wore spotty and 
not confluent. The left adrenal was thickened and hemorrhagic throughout, the right one be- 
ing much less involved. Tlio surrounding fat was hemorrhagic. On exposing the brain, the 
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superficial vessels were congested, and tliere w'as some edema, causing a flattening of tlie con- 
volution!^. There was no exudate on the surface of the brain indicative of meningitis. 

Histopathologic findings of the left adrenal showed massive hemorrhage into both the 
cortex and medulla. The cortex appeared to be nioi'o involved than the medulla and the 
hemorrhage was diffuse. The cells were degenerated, swollen, and contained fine particles 
of pigment. There were very few normal-appearing cells found in any area of the gland, 
and there appeared to be complete destruction of the entire left adrenal. In the right adrennl 
gland the hemorrhage was not so severe and appeared to be spotty rather than diffuse. The 
medulla and cortex were equally involved with large areas of cellular destruction in the hemor- 
rhagic areas. Where the hemorrliage was less severe or absent, some of the cells appeared nor- 
mal. The periadrenal connective tissue and fat were also hemorrhagic on both sides. Sec- 
tions from the brain showed congestion and edema of the leptomeninges with no evidence of 
inflammatory exudate. Examination of peteehiae from the skin showed engorgement of the 
blood vessels with some extravasation of blood into the surrounding tissue. 


Case 3. — A. G., aged 21 years, was admitted in extremis. No history was obtainable. 
There was a diffuse cyanosis of the entire body, more marked in Angers and toes. Through 
the dusky skin numerous peteehiae were found. The extremities were cold; tlie temperature 
103°. The blood pressure was unobtainable. The lungs were clear. There was no neck 
rigidity. Medication, oxygen, and plasma were given. The patient sank rapidly despite 
therapy and died two hours after admission. No ante-mortem or po.st-mortera laboratory 
examinations were done. 

Autopsy Findings . — Tliere was marked evidence of cyanosis of tlie entire body, 
pecially the head and neck. Beneatli the dusky cyanosis large and small peteehiae were noted. 
The lungs showed terminal edema and congestion. The spleen wus slightly enlarged, of firm 
consistency, and lieniorrhagic on sectioning. The right adrenal gland measured 5.5 cm. x 
5.5 cm. X 1 cm. It was triangular in shape, swollen, and liemonOmgic. The weight was 10 
6m., and on sectioning, was degenerated, hemorrhagic, and resembled a blood cyst. The left 
adrenal was cresceutric in shape, and measured (5 cm. x 3.5 cm. x 8 mm. It weighed 8 Gw-, 
and, likewise, was swollen and hemorrhagic throughout. The surrounding fat of botii 
adrenals was congested. The lining mucous membrane of the small intestine was congested 
in. a few areas, and there was no evidence of any enlarged mesenteric lymph nodes. Both 
kidneys were swollen and intensely hemorrhagic. The superficial vessels covering the cerebral 
hemispheres were engorged, -and there was a moderate amount of edema of the brain, causing 
partial obliteration of the convolutions. There was no evidence of any' exudate indicative o 
meningitis. 

Histopathologic Findings . — The spleen showed congestion, and the kidneys shouc 
scattered hemorrhagic areas in which the tubules and glomeruli were degenerated. 
adrenal glands showed extensive massive hemorrhage with almost complete destruction of n 
tissue elements. Both the cortex and medulla were almost completely destroyed with c® I 
a few small remnants of adrenal tissue remaining. In these latter areas the cells were s" 
and appeared degenerated and vacuolated. Most of tlie cells contained numerous par 'c 
of brownish pigment. Special stains for meningococci were negative. 

Case 4. — A. K., aged 19 years, was admitted in shock from profuse bleeding. He 
history of vomiting and passing of blood for three days. The blood count on 
was red blood cells, 1,900,000 with 50 per cent hemoglobin; white blood cells, 

76 per cent riolymorphonuclears, 20 per cent staff cells and 4 per cent lymphocytes. 

When seen the 


mediate blood transfusion was given. The blood pressure was 60/5,0. 
ing morning lie aiipeared improved. One-half hour later he developed gener .Qnt-u 

and wa.s given oxygen and transfusions. A spinal tap was done at this time; it co 

sho'vcJ 

He expired tweiity-foi't li 


,-alizcd coiivulsiw'j 
iiinetl 

^ ~ - -- X - L ^ 11 1 •lllfl 

14,450 cells with 95 per cent polymorplionuclcars; smears .showed intraccllul.ir . 
cellular gram-negative diplococci. The culture of the spinal fluid subsequently^ 

AT intiacellularis. Type I and blood culture was negative. ” 

The 

Autopsy Findings . — There was no evidence of any petechial rasli on le 
lower lobe of the left lung was congested and showed evidence of -igtencyi 

lun" was aViO congested and consolidated. The spleen was enlarged, o mi 
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and was liemorrhagie on sectioning. The left adrenal gland appeared enlarged and con- 
tained a few small peteehiae. The right adrenal was normal. The cardiac end of the stomach 
was perforated because of post-mortem degeneration. Theie wa.s no evidence of any ulcera- 
tion of tho esopliagus or the stomach. The mucosa showed no peteehiae. The duodenum 
^nd jejunum showed no evidence of ulceration or hemorrhage The ileum was distended with 
dark-colored blood which had the consistency of putty, Tlie entire intestinal tract from 
the ileum to tlic rectum was distended \rith similar bloody material. On examining tlie mu- 
cosa of the entire intestinal tract, no evidence of ulceration or bleeding points could be 
found. The brain showed edema and cogc.stion with datteniug of the convolutions. The 
brain was eoicrcil by a tliin white exudate. 

Htstopathologic Findings . — In the left adrenal, the medulla showed some congestion, 
but there was no evidence of diffuse congestion or degeneration in either adrenal gland. The 
lungs showed confluent areas of bronchopneumonin with marked evidence of tciminal edema 
and congestion. Tlie Icptonieningea of the brain were markedly thickened, congested, and 
diffusely infiltrated with a puiulent exudate. This purulent exudate was also found sur- 
rounding the cerebellum and brain .stem. Sections taken from various parts of the stomach 
and intestines showed no evidence of pathologj-. 

Case 5. — G. H., aged 37 yeais, was admitted with symptoms of acute gastroenteritis. 
Tliere was no headache or rigidity of the neck. The following day he became irrational, and 
purpura appeared on the trunk and extremities. The spinal fluid was cloudy, and N. tntra- 
cellularis, Typo I was isolated. A cell count of the spinal fluid was 24,000 with 06 per cent 
polj'inorphonuclcars, and tho smear showed gram-negative intracellular diplococci. Tho blood 
culture was negative. White blood cells, 2y,730 with 79 per cent segmented forms, S per cent 
staff cells, 2 pei cent juicnilcs, 11 per cent lymphocytes. Hulfadiazine therapy was instituted 
and the patient appeared to improve, but rciiiaine»l in a ciitical condition. On the sixth day 
ho developed bilateral synovial effusion of the knees, and on the nintli day he appeared to be 
developing an acidosis. Sulfadiazine therapy was di.'^continued, and the nonprotein nitrogen 
was 120 mg. per 100 c.c. The urinary output remained adequate witliout albuminuria or 
hematuria until twenty-four hours before death, which m-cuiied on tlie tenth Iiospital day. 
On the ninth day numerous u'd blood cells, sulfadiazine crystals, and casts appeared m the 
urine. A total of 63 Giu. of sulfathazine was given during the course of tlie illness. There 
wore no terminal signs of meningitis. 

Autopsy Fuidings . — At the time the autopsy was perfoinied, there was no evidence of 
any peteehiae. Tlie lower lobe of the right lung showed congestion and diffuse consolidation. 
Tho lower lobe on tho left side was congested, but showed no evidence of pneumonia. The 
spleen was luodeiately enlarged, of soft consistency, and, on sectioning, was of a deep red 
color with the markings prominent. Both adrenals were of normal size and showed no evidence 
of degeneration or hemoirliage. The kidneys were swollen. TJie right kidney weighed 160 
Gin. and the left kidney 163 Gm. Tlie capsules stripped wifli ease and revealed a smooth con- 
gested suiface. The pelves weie congested and contained a moderate amount of homogeneous, 
brown amorphous material. A small amount of the amorphous material icmoved from the 
pelvis was tested for sulfadiazine and found to be i>ositive. There was no reduction of the 
latio between the cortex and medulla. TJie uieters showed no evidence of obstruction or 
abnormality. On examining the brain, the convolutions were flattened and tho .«uperficial 
vessels wore congested, Tho leptomeniiiges showed no gro-Ns eiulcnre of any meningitis. 

Uuitopathdlogic Fuidtngs. — Numerous sections taken fjom both kidneys .slmwed a wide- 
spread injury to the convoluted tubules. The epithelial cells were .'swollen and degenerated. 
The nuclei in many were stained poorly and the cytoplasm was granular and showed cloudy 
swelling. In some areas, the epithelml lining showed desquamation and ulceration with 
degenerated cells and material filling the lumen. In some section.'* the tubules showed cystic 
dilation, while others contained pink-staining, homogeneous material and blood. No definite 
crystals of sulfadiazine could be found. The glomeruli showed no patliologic cliaiiges. The 
mucous membrane, lining tho pehis, was ulcerated, and occasional -ulfadiazme cry-fals were 
found embedded in the wall or lying freely near the surface. The muco.-a and subiuucosa 
in these areas were edematou.'*, congested, and invaded with a purulent e.\udate. The pathology- 
appeared to be confined to the convoluted tubules causing a toxic degeneration and necrosis 
rather than a mechanical blocking by the acetylaulfadiazine crystals. The lungs showed 
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marked edema and congestion witk areas of bronchopneumonia. The ieptomeninges sur- 
rounding the cerebellum were edematous and congested and showed slight evidence of a re- 
maining inflammatory exudate. However, the Ieptomeninges of the cerebellum were intensely 
congested and showed a marked acute inflammatory cell reaction. No necrotic or inflammatory 
areas could be found in the liver. 

Case 6. — E. J., aged 21 years, was admitted to hospital in semicomatose condition. 
History of headache and marked prostration for two days. The patient was covered with 
petechiae from head to foot and numerous large areas of purpura. The spinal fluid done on 
admission contained 198 white blood cells of which 98 per cent were polymorphonuclear.^. 
No organisms were found on the smear. Eed blood cells, 4,650,000; hemoglobin, 90 per cent; 
wliite blood cells, 7,200 vvith 70 per cent segmented forms, 15 per cent staff cells, 15 per cent 
lymphocytes. The blood culture was also taken on admission and was negative at forty-eight 
hours. The spinal fluid culture showed no growth. The patient was given sulfadiazine intra- 
venously; plasma, saline, and glucose were administered, but in spite of the treatment, he be- 
came cyanotic and died eight hours after admission. 

Autopsy Findings . — The face, neck, and entire body were covered with a purpuric rash 
and numerous petechiae. Some of the purpuric areas were 1 to 2 cm. in diameter, .and 
cyanosis of the head and neck was prominent. The mesenteric lymph nodes were enlarged, 
and tlie thymus appeared larger than usual for the age of the patient. The lungs showed 
terminal edema and congestion. The spleen was enlarged and of firm consistency. There 
was a unilocular cyst measuring 5 cm. in diameter at one pole of the spleen. Both adrenals 
were enlarged, hemorrhagic, and degenerated. The adrenal arteries showed no evidence of 

thrombi. The right adrenal was triangular in shape and weighed 11 Gm. It measured 5,5 

cm. X 4 cm. x 1.5 cm. The left adrenal was crescentric in shape and weighed 11 Gra. The 

measurements were 8 cm. x 3 cm. x 1 cm. The epicardium covering the left ventricle and 

auricle contained a moderate number of petechiae. There were a moderate number of 
petechiae on the serosal surface of the small intestine. The brain showed diffuse congestion 
of the superficial wessels. There was some flattening of the convolutions due to the edema 
of the brain. There was no frank purulent exudate covering the brain, but in a few areas 
the Ieptomeninges appeared as a tliin whitish membrane. The cervical spinal cord and tie 
brain stem showed only congestion. 

Sistopathologic Findings . — The microscopic picture of both adrenals was one of niassivi- 
hemorrhage, causing almost complete destruction of both the medulla and cortex of o^^‘ 
adrenal glands. It would appear that the medulla was more completely destroyed than a 
cortex by the diffuse hemorrhagic process. Special stains for bacteria in the adrenals wore 
negative. Sections of the heart taken from the petechiae showed interstitial edema an 
extravasation of blood into the surrounding tissue. The superficial vessels of the 
engorged, and the Ieptomeninges in the region of the cerebellum and cerebrum showed 
and congestion. In these areas there were a few collections of lymphocytes and plasma c i 
but no evidence of any acute inflammatory' exudate. Microscopic examination of the 
showed the lymphatic elements rather prominent, considering the age of the patient. 
were separated by wide strands of connective tissue and fat, showing some evidence ^ 
physiologic involution. The Hassal’s corpuscles were few in number, and many were 
and degenerated. A few were small, stained well, and were normal in appearance. 


SUMMARY 

1. Pour cases of “Waterhouse-Priderichseu syndrome occurring in adults 
reported. In two of these the meningococcus was isolated as the etiologic 

2. A review of the literature reveals a total of 117 eases of 
Friderichsen syndrome. Eighteen, including our four, occurred in adults- 

3. One case of tubular degeneration of the kidneys due to sulfadiazine l 
reported. 


Aegerter, E. 
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JU\^-LNILE DIABETES INSULIN SENSITIVITY 


Henry M . Peinblatt, M.D., Barnett B. Alpert, and 
Edgar A. Ferguson, Jr., Brooklyn, N. Y. 


diabetic patient is frequently subject to periods of exaceibatioii 

the diei ’ o tie diabetic state. These periods occur independent of 

eLh.?"''- " ? medication. This period of e-v 

11 e " appear during puberty and in some females during 

the menstrual cycle. 

tieii oioup the exacerbations were not due to dietary indiscie- 

01 nOo ee o insulin. They were not associated with apparent infection 
or intoxication. 


. . ' aimi ai pietiue of instability in diabetes with aggravation of the diabetic 
seivec during pregnancy in the juvenile group. A profound change, 
e eiize ij unusual sensitivity to insulin, occurred about a half hour 
alter expulsion of the placenta. 

peiiods of relative exacerbation and the periods of in.sulin sensitivity 
ho o -+ ? that the primary factor causing these changes might 

1 ^ ^^Pmicieatic. The following clinical and experimental observations were 
eonaucted with this relationship in mind, and the results indicate that the 

. f diabetogenic factor is responsible for certain exacerbations 

ol the diabetic state. 


experdient.vl 

The presence of the diabetogenic factor in the pituitary has been ade- 
quately and definitely demonstrated.'-' We have used anterior pituitary on 
mice and have found that the effect was to reduce sensitivity to insulin. The 
amount of insulin which would ordinarily kill a mouse in the Standard Inter- 
national 3fouse Unit Test for Insulin will not be lethal for mice previously in- 
jected with antei’ior pituitaiy solution. 

The hormone used in these experiments was made up as an acid alcoholic 
traction of the anterior pituitary residue from which some of the usual se.v- 
stimulating hormone and th.vi’otropic hormone had been removed by tlie method 
of Evans and had been salted out in the cold to form the hormone which has 
been named “Anterior Pituitary Diabetogenic Factor,” prepared so that 1 c.c. 
was equh alent to 1 gram of the original gland substance. 

Following the standard technique for the International ilouse Unit test for 
Insulin as modified, 20 Gin. mice were selected and fed a standard diet of whole 
wheat bread and milk for one week previous to the te.st. Three injections of 
one quarter of a c.c. (0.25 e.e.) each were given twenty-four lioui'S, twelve horn's, 
and two hours previous to the insulin injection. Approximately one mouse unit 
(0.02 clinical units) of standard iii.sulin was given. The mice were immediateb- 
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placed at a temperature of ISO'* K. to produce a condition of strain. Tlie 
animals wei'e then examiued every leu niinufes :i< the end of one hour. Tiie ex- 
amination consisted of a detcnnination for the condition of vertljro. Reaction, 
is tested by injeetinj? 50 per cent d-*'hico.s-e solution intraperitoneally. Tiiero is 
recovery of tlie animals. 

Tahle I 


Effect of Diabetooenic Anterior Pituitary Injections and 0.02 Units of Inscun on 

illCE 

(Seriar Group XX) 


MOUfSE NO. 

WEIGHT 

(GM.) 

rniE OF DEATH 

1 

20 

Survived 

2 

39 ; 

Survived 

3 

IS ; 

Survived 

4 

39 ! 

3 hr, 10 min. 

5 

37 

Survived 

a 

*>2 

Survived 

7 

! 20 

2 hr. 20 min. 

8 

1 2.3 

Survived 

9 

1 37 

Survived 

30 

22 

Survived 


Table II 

Effect op Injection or 0.02 Units op Insulin on Mice 


(Serlvl Group XXI) 


UOVSB NO. 

WEIGHT 

(OM.) 

T1.ME or DBXTII 

1 


2 hr. 10 mm. 

2 

20 

2 hr. 

3 

21 

2 hr. 

4 

17 

2 hr. 20 mm. 

5 

19 

2 hr. 

6 

21 

2 hr. 30 min. 

7 

17 

1 hr. 40 imn. 

S 

10 

2 hr. 20 min. 

9 

23 

2 hr. 20 min. 

10 

21 

Survived 


Tables I and II are typical standardization groups. It will be noted that 
caeli group has within it approximately 20 per cent tiiat aic e.specially sensitive 
and approximately the same percentage tliat arc insensitive. 

CLINICAL 

Case 1. — 31. B., ivhite male, .aged 33 ye.Trs, height SO inches, weight 95 pounds, developed 
diabetes at the age of 9. On&et was insidious. He wsis btabilized on 80 units of insulin daily 
uliich he received for tinee years. Eiitly in ilareh, 1941, he developed exacerbation of his 
diabetes requiring increas>ed dosage of insuhn to 2(50 uuita daily On this dosage, blood 
sugar was 411 mg. per 100 c.c. at 30 a.m and 95 mg. at 6 p.ir. By March 30, the dose had 
to be further increased to 470 units daily. Blood sugar before breakfast was 4S0 mg., .at 13 
A.M. it was 354 mg., and at 1 p.m., 370 nig. The patient was admitted to the hospital on 
April 7 in piecomatose state. He had been getting 600 units of in.<»ulin daily. On the day 
of admission he received 1000 uiiit.o of insulin; blood sugar dropped to .35 mg., and he went 
into insulin shock. He ha.s since been stabilized on 70 units of insulin daily, which dose he 
is receiving at the present time. 

The period of maximum growth and sexual deielopment is usually associated with 
activity of the anterior pituitary. The question arises whether the increase*! pituitary actiiity 
IS responsible also for thy acute exacerbation of the diabetic stale. 
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This boy developed exacerbation of his diabetic state witliout any apparent extrinsii: 
cause. He was then stabilized with daily insulin dosage approximating the level used before 
the acute exacerbation. It appears that the compensating mechanism has become disturbed 
during the acute phase. 


Case 2. — A. M., white male, aged 1(5 years, height 70 inches, weight 17G pounds, de- 
veloped enuresis in 1938. He lost 60 pounds body weight, and on examination glycosuria was 
discovered. He was placed on an extremely low caloric diet and continued to lose weiglit. 
Glycosuria cleared on the low caloric diet, but after three months of .strict dietary regulation 
he was given insulin because of his continued loss of weight. In 1939 he was given 5 units 
of insulin daily which controlled the glycosuria. During the next ten months he developed 
glycosuria and hyperglycemia, and insulin dosage had to be increased to 210 units daily 
He was operated upon in September, 1939, for acute appendicitis and recovered. Tlie sugar 
tolerance improved remarkably immediately after operation, and the insulin requirement was 
reduced to 10 units. He continued on this dosage for a short time after which the re- 
quirement was gradually increased to 100 units daily, the amount he is now receiving. 


C.VSE 3. — S. E., wliite female, aged 22 years, height 61 inches, weight 130 pounds, developed 
diabetes at the age of IS. Between 1936 and 1911 she took 130 units of protamine insulin 
before breakfast every day. During this time she complained of difficulty with menstrua- 
tion, suffering from cramps and nausea. Periods occurred between thirty-six- and thirty- 
seven-day intervals and lasted six or seven days. Just prior to the period, the patient de- 
veloped acidosis and coma. Insulin dosage was increased to 200 units daily at the beguuung 
of the period. This controlled the exacerbation. Immediately after cessation of the period, 
the regular dose of 130 units daily would control the diabetes until the next period. I'hh 
this change in insulin dosage during the menstrual period, patient has avoided hospitaliza- 
tion for the past three years. 

The regularity of the occurrence of the exacerbation at the menstrual cycle indicates 
a close relationship and a lack of the normal balancing factors of posterior pituitary against 
anterior pituitary. 

Certain similarities have been noticed in the manner of onset of juvenile cases. This 
is the normoglycemic diabetic state which is often mistaken for renal diabetes. In our ex- 
perience we have not found renal diabetes to be an entity. In all cases observed the nonuo 
glycemic state (renal diabete.s) gave way to frank and severe diabetes mellitus with hvpcf 
glycemia. 

Cases 4 and 5 following are such typical case histories. Case 6 is now in the nonuo- 
glycemic diabetic state. Insulin therapy is being utilized as a possible prophylactic aga 
the development of diabetes mellitus. 

C.VSE 4. — F. E., white male, aged 29 years, height 73 inches, weight 155 pounds, dc 
veloped diabetes at the age of 14. For four years prior to the onset of the diabetic sri e, 
he had been subject to repeated attacks of vomiting and acetonuria without glycosuria 
Blood sugar on admission was found to be 500 mg. He was maintained on a low ca 
diet and 15 units of insulin daily. After six months’ observation starvation blood 
dropped to 130 mg. per 100 c.c. There was no sugar in the urine. Insulin therapj ' 
stopped. After a period of eight months without insulin, patient again developed 
and acetonuria. _ Insulin therapy w-as again instituted, the patient receiving 80 units o 
sulin daily. This dosage has been maintained for the past fourteen years. 

Case 5. — G. K., white female, aged 22 years, height 66% inches, weight l-o 
was found to have diabetes in 1935 when glycosuria was discovered. At this time oo 
level was 140 mg. Glycosuria persisted although the blood sugar level remained ou 
same. She was placed upon a diet containing 250 carbohydrates, 100 proteins, and - 
No insulin was given. In April, 1936, she was admitted to the hospital in diabetic 
which she recovered and was placed upon crystalline insulin, 45 units daily. Iw ^ 

1942, patient developed nausea and vomiting with the menstrual period. This was 
panied by increased glycosuria. It was necessary to increase the insulin g,iod 

units daily. The increased insulin did not relieve the nausea or vomiting. During 
■ of vomiting, blood sugar levels ranged up to 185 mg., indicating that the nausea am 
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ting were not due to the glj’cobuiiti, but that the cxacerbunon. of the diabetes and the nausea 
and vomiting were part of the menstrual disturbance. 

It is of special interest in tliis case that there was a period of six mouths during which 
the blood sugar level was 140 mg. or less; jet there was persistent glycosuria. The patient 
received no insulin during this time. This maj* be considered a normoglycemic diabetic 
state. Yet in. six months she developed a diabetes which refjuired 45 units of insulin daily 
to control and more recently an ncute exacerbation at the menstrual cycle which required 
from 95, to 145 units of insulin daily to control. 

In view of our experience with the above group of cates, it maj' be observed that the 
normoglycemic state has been followed by a definite severe active diabetes mellitus. While 
they could be maintained for a period of month.<., theie followed in this group exhibiting 
glycosuria a definite development of frank diabetes mellitus jcquirjng permanent insulin 
therapy. It vvus felt that in the following patient W’ho appeared to be a normoglycemic 
diabetic an attempt sliould bo made to prevent the occurrence of frank diabetes which de- 
veloped in the previous group. It w-as our opinion that small to moderate doses of insulin 
utilized over a period of time might prevent the occurrence of frank diabetes mellitus. 

Case (J. — B. H., white male, aged 7 years, height 48'li inches, weight 53 pounds, was 
found to have glycosuria. This w-as pie.‘'eDt for a month before admission to the hospital. 
On admission, urine sugar was lYj per cent, blood ?ugar US mg. per lOO c.c. Tw-enty-four 
hours after administration of 20 units of protamine insulin, blood sugar was 78 mg.; urine 
showed per cent sugar. Observation of the patient icvenlod mental dullness, lack of 
growth, inanition, aud asthenia. In May, 1941, insulin tlicrapy was instituted, 20 units 
twice a week. Since this time lie has gained 25 pounds. His mental condition has changed 
for the better. He has become social. The glycosuria is now consistently less than 0,3> per 
cent. Blood sugar in August, 1941, was Go mg.; m December. 1941, 65 mg.; in April, 19i2, 
65 ing. The glj'cosuria was present at the time of these blood te^t.'i. There lias been an 
increase in growth. 

This improved general condition appears to us to be adequate incentive to justify 
persistence in this attempt at dialictic prophylaxis. 

PREGNANCY IN JUVENILE DIABETES 

Profound changes occur in the pituitary during pregnancy. These changes are mainly 
concerned with hj-perplasia of the pituitary and an overflow of anterior pituitary-like sub- 
^tanca in the urine. Furthermore, immediately following delivery of placenta, other changes 
Occur which indicate a balancing of the over-active pituitary. In tliis group the change is 
demonstrated by tlie development of a Jiypersuscept.abiJity to insulin. This state is impor- 
tant inasmuch as the sensitivity to iu.suiin may become so great that the average dose for 
tliat individual may cause fatal insulin shock (Case 3). 

Tlie importance of this oversensitivity indicates that in the diabetic patient there is 
a loss of balance between the diabetogenic and insulin factor.s. If the origin of the factor 
producing the sensitivity could be demonstrated, a contribution would be made to diabetic 
Hierapy. 

The following five cases illustrate the changes in the jnvenilo type of diabetic pa- 
tient during pregnancy. 

Case 7. — G. P., wliite female, aged 17 years, lieigjit 61 inclics, weight 139 pounds. 
Amenorrhea had persisted for one month. The bloml sugar time curve (blood sugar taken 
every two hours for twenty-four liours) showed no change from the curve previous to preg- 
nancy. It sliowed a high morning level which rapidly fell and leacJicd its lowest point at 
8 p.M., wliich level persisted at 4 a.m. and rose to a high morning level of 300 mg., lasted for 
a short time only and was reduced to the average level of loO rag. by the morning insulin. 
After twenty-nine weeks of pregnancy, it was noted that the patient had become sensitive to 
early morning insulin shock, although the dose was reduced from <:0-0-20 to 55-0-20. In 
spite of tin’s low morning sugar level, the patient showed a rise of over 300 mg. in the period 
of 4 to lO P.M. After tliis, the blood sugar returned to a reasonable level of 250 mg., the 
average level for around tliis time being about 250 mg. Tin.” indicated that a change had 
occurred and more insulin was required. By the thirtieth week 75-0-35 units of insulin were 
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required, and in the thirty-seventh week 75-0-30. Tlie baby wiis bom in the thirty-eighth 
week. Blood sugar of the child eight hours after birth was 70 mg. 


Case 8. — H. N., wliite female, aged 171^ years, height G-1 indies, weight 110^ pounds, 
had had diabetes for seven years. Site was stabilized on an insulin do.«age of 65 units daily. 
Diet was largely qualitative, but the amount of carbohydrate was controlled at 275 to 300 
Gm. During pregnancy the insulin requirement was unchanged. She delivered spontaneously 
at term. The child weighed 6 pounds, 7 ounces. The first day of post partura the full in- 
sulin dose of Go units was given. This was repeated on the second day. No consideration 
was given the increase in insulin sensitivity occurring post partum in juvenile cases. Eight 
hour.s after receiving the second portion of the 65 unit dose (.30-0-35.) on the second day 
post partum, the patient went into extreme shock. The blood sugar was 17 mg. The patient 
died in spite of intravenous glucose. 


Case 9. — D. M., white female, ycar.s old at the time of pregnancy, lieight 62 inches, 
weight 110 pounds. Onset of diabetes was insidious .at the age of 13. She had been stand- 
ardized on 100 units of protamine insulin daily witli diet of 2-10 6m. carbohydrates. She 
delivered .spontaneously after an uneventful pregnancy. The child was ni.ale, weighing 
6 pounds. Infant died of pneumonia two days after birtli. In this case the iinsulin require- 
ment was cheeked carefully and found to range from 28 to 40 units during the fir.st five days 
post partum. Patient meanwhile was on a full diet. During the next month the insulin re- 
quirement showed a gradual rise to 100 units and has remained at this level for the past 
two years. 


C.VSE 10. — L. P., wliite female, 25 years old at the time of piegnaney, height 61 inches, 
weight 125 pounds. Onset of the diabetes oecurted at the age of 17. Although there were 
no obstetrical indications from an anatomic standpoint, a ce.sare.an was performed as the 
method of choice of the obstetrician. Tliis patient had been c.stablished on 60 units of 
protamine insulin daily for seven years previous to pregnancy. On the day before the opera- 
tion she had received her usual dose of 60 units. Tlic child was born at 3:50 a nonna 
male weighing 13 pounds, 14 ounces. Patient’s blood sugar at 1:45 was 100 mg. and 
at 3:15 A.ii. 56 mg. Tlic baby’s blood sugar at birtli was 50 mg. and the blood sugar^o 
cord at birth 100 mg. At 4:10 A.sr., patient’s blood sugar was 117 mg.; at S:00 .v.Y., - 
mg.; at noon, 130 mg.; and at 8:00 f.M., 73 mg. During tlie twelve days after delivery, th® 
insulin requirement fell at times to as low as 25 units :i day. On discharge, she was receiwaa 
45 units of Insulin daily. 


Case 11. — E., white female, aged 27 years at the time of pregnancy, height 06 inc ^ 
weight 130 pounds. Onset of the diabetes occurred at tlie age of 23. She had been stabi 
on 75 units of crystalline insulin daily, divided into doses of 40-0-35. Slic received this 
of insulin daily throughout her pregnancy. She had an uneventful pregnancy and spa 
taneous delivery of a male child weighing 6 piounds, 15 ounces. For fifty-two days o 
delivery, insulin requirement was reduced to 50 units a day in doses of 25-0-25 of the sa 
insulin. Carbohydrate intake was the same before and after delivery. 


DISCUSSION 

The insulin dosage of tliis group of juvenile type of diabetic 
been regulated to a relatively constant dosage ranging between 60 and 100 
daily. While the insulin dosage had to he increased during the 
some of the patients, in every ^ease there was obvious evidence of a niai ' 
sensitivity to insulin dtiring and immediately following parturition. The leq 
ment for insulin was reduced at least 15 units daily and then showed a gia 
return to the usual dose for the individual within a period of ten days. 

It is of interest that where blood sugar could he adequately ’.-gg 

mediately following parturition the blood sugar rose as in a postprandia 
It is important that this postprandial .type of rise not deceive the 
giidug more insulin as in Case 7. In this case although the blood sugar 
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bi'ought within (5 to ISO ini', for the four hoiiis previous to delivexy and was 
150 lug. at the time o£ delivery, it rose to 300 nij;, iiiiinediately after delivery. 
Additional insulin was administered. It was found that tlic patient had de- 
veloped an increased sensitivity to insulin, and a dose as low as 10 units brought 
about insulin slioclc. For a week follow’hig parturition, the insulin requirement 
was 15 units daily and then gradually had to be increased to her prepartum 
dose. 

In Case 8 the insulin dose had been established at 65 units daily for over 
a six-year period. , Unfortunately, immediately post partuin the insulin-sensitive 
state Avas not recognized. Patient was given her regular dose of insulin. This 
resulted in insnliii shock which was not controllable, and she died with a blood 
sugar level of 17 mg. 

SUMMARY 

Clinical case reports arc presented describing the exacerbation of the 
diabetie state in association witli what may be considered increased anterior 
pituitary activity. In the early stages of the increased activity there is cessa- 
tion of the diabetic state for a period of time running into many months. In 
this group, the norinoglycomie type is presented showing a periodic glycosuria 
and then the development of a definite and pennanent diabetes mellitus. 

It was felt that the use of iiisuliu in the normoglycemic might serve as a 
propliylactie measure in prevention of the permanent diabetic state. 

Clinical case reports of five of the juvenile type diabetic patients observed 
before and throughout their pregnancies are presented. Each case shows dra- 
matic insulin sensitivity during the immediate post-partum period. The dose of 
insulin to Avhicli the patient had been regularly accustomed for a period of years 
becomes a toxic and even fatal amount. It is possible and even probable that the 
mechanism here is the antiautcrior pituitary diabetogenic factor. The authors 
feel that this factor^may come from the po.sterior pituitary. 
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INEFFECTIVE PENICILLIN CHEMOTHERAPY OP ARTHRITIC RATS 
INFECTED WITH PLEUROPNEUMONIA-LlIvE ORGANISMS* 


H. M. Powell, Sc.D,, and R. M. Rice, M.D., Indianapolis, Ind, 


INTRODUCTION 

P OWELL and Jamieson*’ - have recently reported on the high degree of 
chemotherapeutic effectiveness of penicillin in white mice infected with 
nonnal and sulfonamide-fast pneumococci and staphylococci. In these tests 
penicillin was found to bring about the “cure” of pneumococcus-infected mice, 
irrespective of whether the infections were due to normal or sulfonamide-fast 
organisms. Furthermore, penicillin wms found to save the lives of appro.v 
imately twice as many staphylococcus-infected mice as was accomplished by 
sulfathiazole under the same conditions. The implications of these and other 
laboratory and clinical results that cannot be reviewed here add promise to 
the chemotherapeutic importance of penieillin. > 

In the present report the results of penicillin chemotherapy of rats in- 
fected ■with pleuropneumonia-like organisms are presented. 

EXPERIMENTAL 

As experimental animals, white rats of about 100-gram weight ivere used. 
The pleuropneumonia-like culture was isolated in this laboratory from a 
spontaneous joint infection in a laboratory rat. This animal showed a greatly 
swollen right foreleg, particularly at the radiocarpal joint, and the initial cul- 
ture was obtained by aspirating a drop’ of fluid from this joint with a .syringe 
and culturing in beef infusion broth enriched wdth 30 per cent ascitic fluid. 
On incubation at 37° C. for 24 hours, this and subsequent cultures on this 
medium showmd marked turbidity, and after an additional 24 hours’ incubation 
the growth generally settled as a deposit of flakes in the bottom of the tube. 
Microscopically the culture showed either small gram-negative bacilli or gram- 
negative debris or both. This culture did not grow in plain broth or agar. 

The optimum technique for reproducing arthritis in normal rats consisted 
in injecting 0.5 c.c. of 24-hour ascitic fluid broth culture intravenously. Su 
cutaneous, intramuscular, and intraperitoneal routes of injection resulted m 
irregular appearance of arthritis. The .same appeared to be true of intravenous 
doses of less than 0.5 c.c. During the third, fourth, and fifth days after injec 
tion, a progressive polyarthritis developed, in wliich there was a fusiform sve 
ing of the toes, and progressive swelling of leg joints, the skin over these 
coming tight and glistening and red or purplish. Within a few days, many 
the infected rats showed a hemorrhagic deposit and edema about the 
sometimes a conjunctivitis. An occasional rat had neurologic .symptoms. 
infected as described and receiving no chemotherapy died, generally m a o 

•From the Lilly Research Laboratories. 
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two or tliree weeks, and for some daj’s before death were quite prostrated and 
iielpless. Certain hopelessb^ crippled rats with massive lesions were sacrificed. 

The infections in general were similar to rat infections described by 
Findlay, hlackenzie, MacCallum, and Klienebcrger,^ and tho.se reported pre- 
viously by Collier.* They were more rapidly progres.sive than similar experi- 
mental mouse infections reported in the last two or three years, such as those of 
Sabin and AVarren,^ and resembled closely' those lecently described by Preston.* 
The penicillin used was shnilar to the partially purified material referred to 
in previous reports'' * and that reported upon by Schmidt and Sesler.' 

In addition to control animals which received no treatment, rats treated 
with gold sodium thiomalcate {myochrysiue) were used as controls for the dif- 
ferent groups of peniciilin-trealed rats. Results in such groups of infected 
rats would reveal (1) whether a new drug had any demonstrable chemo- 
fherapeutie potency and (2) whether this action compared favorably with 
myochrysiue, an agent which is Itnorni to have a curative effect on this type 
of experimental artliritis. 

T-mi-s r 


COMrAtl.\TIVE CUEMOTUERAPSUTIC RESULTS IS RatS OP 100 GS-IMS WEIGHT ReNDEBEP 
ARTiiame Witii Pleuropneumonia Culture 


DRCO 

nujiber or 

RATS 

DRl'O DOSES PER RAT X 
NUMBER DOSES 

RESULTS 

Penicillin 

2 

300 units X 9 

r>i> 


4 

800 X 9 

SPDD 


4 

8000 X 5 

DPDD 


4 

500 X 0 

PPDD 


2 

200 X 4 

PD 


2 

200 X 5 

PD 


4 

400 X 6 

DPDD 

Myochrysine 

1 

30 ib". X S 

D 


1 

5x3 



4 

5x3 

SSDD 


4 

5x3 

SPDD 


4 

3x3 

SSDD 


4 

2X3 

SPDD 

Controls 

2 


PD 


3 


DDD 


4 


PPDD 


4 


PPDD 


4 


pddd 


All rats marketl S survlveJ with either no symptoms or early mild arthritic symptoms 
which auhslded rapidly All penicillin and control rats marked D died of progressive arthritis, 
or In a few instances when helpless and moribund were sacrlhced. All niyochr>'sine rats 
marked I> died with no arthritis, probably of drug toxicity. 


Twenty-two rats were treated with a varietj^ of doses of penicillin, as shown 
in Table I. The drug was given by different routes, intravenously, intra- 
pcritoneally, intramuseiilarly, and subcutaneously, without much detectable 
effect. In a few instances development of arthritis appeared to be slowed some- 
what, and a single penicillin-treated rat survived without developing arthritis. 
On the whole, however, penicillin appeared to exert no practicable degree of 
curative action. The rats died of progressive arthritis, hemorrhagic pulmonary 
edema, and terminal diarrhea. 

Kighteen rats were treated with a variety of doses of myochrysiue, as shown 
in Table I. The drug wa.s given either intramuscularly or Asubcutaneously. 
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Seven of these 18 rats survived without appearance of arthritic lesions, or de- 
veloped fusiform swelling of llie toes wliieh rapidlj’ subsided. Tlie eleven rats 
which did not survive oh gold theraiiy .showed no arthritis at the time of death 
and appeared to liavc died because of drug to-xicity. The to.xieity of niyo- 
eluysine seemed to he somewhat unpredictable, since several deaths occurred on 
2 or 3 mg. doses while 5 mg. in some instances did not, appear to be toxic. From 
the results recorded it is apparent that doses of myochrysinc less than 2 mg. 
might have been equally effective. 

Seventeen infected control rats all died of progre.ssive arthritis. 

CONCLUSIONS 

It appears from the foregoing results that : 

1. Penicillin has little or no chemotherapeutic effectiveness in infectious 
rat polyarthritis of the type described. 

2. Myoelirysine, as a control drug, was chemotlierapeutieally effective hut 
quite toxic in the doses used. 
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THE OCCURRENCE 01'' JIEJIBERS OF THE HENUS SAEJIONELLA IN 
INHABITANTS OF STATE HOSPITALS OP THE 
flKEATBR CHICAGO AREA* 


OscAlt EKLaENFULD, JI.H., A.VD VioL.v JIae Vouso, JI.S. 
Chicago, III. 


T he most extensive i’ei)oit on the oeeiiireiiee of Salnionelhi types in the 
United States is that of Boeiistein.' The greatest number of strains belong- 
hig to tile genus Salmonella was, however, studiecl in liie National Salmonella 
Center by Edwards and Bruner.’ These authors state tliat the most frequent 
Salmonella types found in tliis eountiy in man are »S'. schoiimullcny heretofore 
called S. paratyphi 1$, and -S'. typhimurUnn, designated in tlie past as S. aertrycke. 
The conclusions of the New York group of investigators, licadcd by Bornstein,^ 
give similar results for tiic eastern United State.s. This center reports 40 per 
cent of Salmonella strains Iielonging to other types tlian S. schoftmiiUeri and 
S. ti/plipunnmn. Also Borman et al.* of Connecticut, and Uaulton and Quan^ 
of Florida describe a scries of less common Salmonella strains among their 
findings. 

It may be concluded therefore tliat tlic predominant members of the genus 
Salmonella in man arc S. schotbniUhri and S. typhinuirinm, but otlier types will 
bo encountered in many cases. 

Tile laboratory diagnosis of Je.ss common Salmonella strains involves the 
use of a long series of biochemical and serologic reactions, tiie latter knomi rou- 
tinely as ‘‘Salmonella typing.” WJiilo the determination of .a typical S. para^ 
tuphi, S. schoitmuUcri, or S. lyphimuriim can he easily accomplished even in a 
small laboratory, the exact tyiiing of oilier Salmonella .species and varieties in- 
volves the uses of slide agglutination tests with 23 ”0” sera and tube agglutina- 
tion te.st.s witli sometimes as many as 36 “H” sera Hence there is a necessity 
for special laboratories to perform this task. 

Under the auspices of llie Division of Lahoratoric.s of the Department of 
Public Hcaltli of Illinois, a special service was established in Illinois state hospi- 
tals to examine material for oz-ganisms causing enteric diseases, sucli as Sal- 
mouellae, Eberthcllae, Sliigebae, and pai-asitc.s. In September, 1942, a central 
enteric laboratory was establislied for the identification of organisms isolated 
in the local laboratories of state hospitals. 

The “local bacteriologist” streaks the stool specimens to a series of plates: 
AVilson and Blair in the modification of Hajna and Perry,*'’ Lcif‘:on’s doso.xy- 
cliolate-citrate medium,' Difeo S.S. agar, Difeo eosinc-methylenc blue plate, and 
cither !MaeConkey's medium in the modification produced izy Difeo, or Leifsou’s 
desoxycholate plate. A tube of selenile-F of the Baltimore Biological Lah- 
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S. dare-es salaam has never been found in America. It differs from most 
Salmonella tyiies in its ability to liquefy gelatin. The strain here observed 
came from a 63-year-old factoiy worker, newly admitted to a state ho.spital. It 
could not be recovered from the stool specimen on re-examination after four 
weeks. 

S. •panama, an organism often encountered, was found in a 53-year-old 
former food handler when examined on admission. The feces 'became negative 
within two months. 

S. pullorum was isolated from six eases of diarrhea. This infection is of 
special interest, being a very rare human incidence of 8. pullorum. Edwards 
and Bruner- reported only two cases in man. Three other eases were mentioned 
by Edwards in a personal communication. One human case was found by 
Borman et ah'* 

The cases observed in the present survey appeared in two groups in tlic 
same state hospital. 

The first group included two eases that appeared on different wards but at 
the same time. One patient was a 4S-year-old former housewife who had been 
hospitalized for thirteen years. She had ‘ ‘ dysentei’y ’ ’ of unknown origin seven 
years ago. In March, 1943, she became ill witli diarrhea. Light-colored liquid 
stools with much mucus, slightly raised temperature, and abdominal pain were 
recorded. 8. pullorum was isolated from the stools during the first days of 
sickness. The patient was treated with sulfasuxidine and recovered udtlnu 
three weeks. 

The other case appearing at the same time was a 72-year-old factory worker 
who had been hospitalized for seven years. When sh.e became ill with diarrhea, 
and had light-colored liquid stools with much mucus, slight abdominal pain but 
without fever, 8. pxdlorum was Isolated from the stool specimens. She also 
received sulfasuxidine treatment. Frothy liquid stools were observed for foui 
weelvs. In May, 1943, no symptoms were recorded except mucorrhea. The stool 
specimens did not reveal Salmonella. In June, 1943, the patient became ill with 
bronchopneumonia and expired.- The autopsy did not shoiv pathology' of the 
intestines or gall bladder. No Salmonellae wore isolated from the cadaver. 

The second group of 8. pxdlorum infections consisted of four eases and oc- 
curred in August and September, 1943. 

Two of these cases suffered from diarrhea repeatedly. The first of them, 
a 59-year-old patient, had diarrhea of unknown origin in February, 1941, Apu > 
1942, and June, 1942. An attack of diarrhea in August, 1943, showed clayliko, 
mucous, liquid stools. No general symptoms were noticed. 8. pxdlorum was iso- 
lated during the first week of illness. The patient recovered under sulfasuxidine 
treatment within two weeks. 

The other patient whose histoiy showed repeated attacks of diarrliea was 
69 years of age. She had dy'sentery-like diarrhea with negative baetei’iologio 
findings in December, 1942, and February, 1943. In August, 1943, soft, miis b 
stools were observed, with much mucus. There was no fever and no pam- 
8.' pxdlox'um was isolated from the fii-st diarrheic stool specimen. Tlie disease 
disappeared within two weelts on sulfasuxidine treatment. 
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Tilo last two patients of this group, agetl 50 and 7S years, liad diarrhea with 
liquid, light-hrown stools and considerable mucus, some pain in the left hypo- 
gastric region, and sliglitly raised temperature. Wlieu S. pulhnan was isolated 
from the stools, treatment witli suUasuxidiiio was introduced. Tlie diarrhea 
ceased within a week and the patients were considered recovered in twenty-one 
days. 

The source of the S. puUorum infection could not be discovered. Because of 
the technical difficulties encountered in the isolation of the %’ery fastidious 
S. pulloripn, it maj’ be jiresumed that several eases remained undetected. The 
hospital does not serve raw meat or eggs to iumates. Becanse of the api)earanee 
of four cases on the same ward, contact infection has to be assumed. The his- 
tory of throe of the six patients with aS'. pvUonim diarrhea sliowed previous ab- 
dominal disturbances. It is imj)Ossible to attempt to ans\rer tlie question as to 
whether a ehronie a9. pullorum infection Wiis present in these cases or if this 
Salmonella found a fertile soil in the intestines altered by a pathologic process 
of a diffei’cnt etiology. 

-S', uiiatum and S. newinpton, often isolated from man and animals, were 
cacli present in one chronic carrier who acquired tjiis status during outbreaks 
of such infections in state hos{>itals in pi*cvious years. In addition, two chronic 
human carriers of 5. anaiuni were isolated fimong new admissions to state 
hospitals. 

S. senftenherg, an organism frequently causing entei’itis in man, wa.s ob- 
served in two temporary carriers during a survey and in one ease of a dysentery* 
like diarrhea the origin of which could not be traced. Tins diarrhea was suc- 
cessfully treated with sulfa.suxidiiie and cciised within a week. 

The last group of Salmoncllae, called “F” or “Further group.s,“ causes 
the greatest difficulty in diagnosis. While 9 “0“ sera arc sufficient to classify 
roughly a member of the groups to “E,“ 34 ‘’0" sera have to be employed 
for the diagnosis of one of the 23 Salmonella types belonging to tliis category. 
3Iany laboratories do not type membei's of the “P" group at all. The observa- 
tion of the following three strains, however, demonstrates the necessity to 
examine organisms belonging to this group. 

-S. hirlcec was described by Bridges and Dunbar, '• but has not been reported 
in the United States. In this survey a strain w'as isolated from a 56-year-oId 
factory worker recently admitted to a state hospital. Only one stool specimen 
showed this organism. The patient died of tuhei*culosis three months later. No 
significant findings were described in the autopsy protocol, and no Salmonella 
was isolated from the cadaver. 

S. hallenip of Kauffmann and MpUeP* has never been reported in this 
countrj'. According to pei'sonal communications from Di-s. Edu’ard, Fulton, 
and Seligman, and as far as can be ascertained from the literature, this is the 
first instance since the original description of this organism that S. ballcrup 
has been identified. 

The strain was isolated from a 36-year-old housewife when admitted to a 
state hospital. She denied having diarrhea or fever. The proctoscopic find- 
ings. were negative. The patient ceased to be a carrier witliin two weelfs. 
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S. ballenip here isolated contains Vi antigens and exhibits typical V-W 
variation. 

S. kentucky was first described by Edwards'® from fowl enteritis. OlifzkP 
isolated a “var. palestina” in camel and man characterized by the fermentation 
of glycerol and no action upon m-inositol. Borman et ah' found this Salmonella 
in a human carrier. 

The strain obseiwed in this survey came from a 58-year-old factory worker 
and ivas isolated on admission to a state hospital. It ivas glycerol-negative and 
m-inositol positive, thus giving the reactions of the original type of Edwards. 

The patient did not show Salmonella on re-examination after one month. 


DISCUSSION 


During the period of one year, 65 Salnionella strains’ ivere isolated from 
64 patients and employees of state hospitals of the greater Chicago area. While 
47 strains belonged to more frequentlj^ seen types, as S. schottmiilleri, S. typh- 
murium, S. oranienburg, S. bareilly, S. montevideo, S. cholei'ctesuis var. kuntzen- 
dorf, S. enteritidis, S. panama, S. anatum, and S. senftemberg ; 15 strains repre- 
sented less common types as S. schottmiilleri animal strain, S. schottmiilleri var. 
java, S. newport var. puerto rico, S. pullorum, S. newington, and S. kentnchj. 
Finally three types were isolated in the United States for the first time, as S. 
dar-es-salaam, S. kirkee, and S. ballerap. 

Salmonellae ivere frequently found in symptomless carriers. It deserves 
attention tliat ten of the twenty-six carrieis ivere food liandlers by profession. 
The great number of such carriers among newly admitted state hospital patients 
during the last months could be linked, perhaps, with the increasing consump- 
tion of fowl and uninspected meat. 

S. typhimurium, S. montevideo, S. newport var. puerto rico, S. enteritidis, 
S. dar-es-salaam, S. panama, S. senftenberg, S. kirkee, S. kentucky, and S. 
ballerup caused only transitory carrier status. ^8. schottmulleri and its varieties, 
bareilly, anatum, and newington, were Isolated from persons harboring such 
organisms for more than three months. S. oranienburg was found in both a 
temporary and a chronic carrier. S. pullorum and S. cholergesuis var. kuntzen- 
dorf ivere isolated only from cases of disease. 

As to the propagation of Salmonellae in human beings^ nian-to-inan transfei 
had to be assumed in infections observed with S. schottmiilleri animal stiain, 
S. pxdlorum, S. typhimurmm, S. choleraesuis var. kuntzendorf, S. oranienbwtJ> 
and S. montevideo. Food as the source of infection could be traced in one ou 
break of S. typhimurium diarrhea. The origin of the first cases of enteritis due 
to S. choleraesuis var. kuntzendorf, S. pullorum, S. montevideo, and S. sen] 


berg could not be discovered, but food was suspected. 

The clinical picture of the “Salmonella disease” was the dysentery-like type 
of Hormaeche®' with or without fever and abdominal pain. The diarrhea cause ^ 
by S. pullorum shoived a striking amount of mucus. The prognosis of the cases 
here observed was good. Recovery came ivithin tivo to three iveelis on the a^e 
age. S. pullorum, S. oranienburg, S. senftenberg and »*?. montevideo infection 
were successfully treated with sulfasuxidine ; S. choleraesuis var. kuntzen or^^ 
with sulfathiazole. Cases due to S. typhimurium wmre more resistant to su ^ 
treatment. The sulfa treatment of chronic carriers of S. schottmii en, 
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aua^uiu, S». fiarctlty, S. nmint^ton, and S. onmienhurr; was a failure. The small 
nuiiiber of observed cases, Jiowever, does not pennit definite conclusions. It 
seems to be nece.ssary to try also other drii<rs than were used iti these cases 
(siilfathiazole and siilfasuxidine). 

The so-called “Kiel doctrine*^ distinjruLsIicd MaJnioncUae pathoj^enic for man 
from Salmonellac afllicting animals. TJic “Montevideo doctrine,” however, rec- 
ognizes that all Salmonellac arc potential pathogens for both man and animals.^ 
This doctrine emphasizes tiiat age, nutrition, general resistancy, and similar 
factors are of great importance to the development of Salmonella infections. 
The results of the survey here described definitely indicate that aged people, 
sulTcring of mental diseases and consecutive malnutrition, are more liable to 
become cases and carriei's of Salmonellac than iicaltiiy individuals. 'Whether 
the invading Salmonella type w more “luinian” or more “animal” adapted does 
not seem to play an eminent role. 


Tau/.e I 

Dl.STRlBrTlO.N* OF SAI.Jrd.VELLA TVFE.S I.V .STATK HOSPITAL PaTIENT.S OF THE GREATER 
CiiK ACO Area 


From 0<’t. 1, )942. to Oct. I. 39i3 


SAIAIONEI.L.V TYPE 

NUMBER or 
0.t.SES 

.NUJiUER OF 
C'AERIEKS 

TOOETHEB 

schottmulleri 

0 

4 

4 

— animal strain 

0 

4 

4 

— var. java 

0 

2 

2 

tv'phimurium 

10 

i 

18 

olioleraesuis var. kuntzendorf 

2 

0 


orunienburg 



( 

bareilly 

0 

I 

1 

montoridco 

5 

4 

9 

newport var. puerto rico 

0 

1 

1 

enteritidis 

0 

2 

2 

dar-es'salaam 

0 

1 

1 

panama 

0 


1 

pullorum 

6 

0 

<] 

anatum 


«/ 

3 

newington 

0 

1 

1 

senftenberg 

1 

2 

3 

kirkee 



1 

ballerup 

0 

1 

1 

kentucky 

0 

1 

1 

Total 

2« 


65 


SUiniARY 


From 13,000 stool specimens of inhabitants of stale hospitals of tiie greater 
Chicago area, 65 strains of Salmonella belonging to 19 types of this genus "were 
isolated. The occurrence of tlie respective tj'pes w discussed, and the observation 
of less common Salmonellac, as S. schottmulleri animal strain, S. schottmiilleri 
var, Java, S. viewport var. piierio rico, and S. kentuckp, i.s i-ecorded. An unusual 
epidemic of S. pidlonm enteritis in man is discussed. The first isolation of 
H. dar>cs-salaam, S. kirkee, and S, hallerup in the United States is described. 


The authors are \er>' much Indebted to Dr. p r. Edwards Director of the Katlonal 
SalmoneUa Center Agricultural Experiment Station. University of Kentucky. Lexington. Ky.. 
for constant help and advise in their work. pr. Edwards Identlfled all less common and many 
of the frequently found Salmonella types here mentioned. 

It i.s with sincere appreciation tho authors acknowledge the encouragement so kindly 
Riven by Dr. Nettle M. Dorris and Dr. J. J. 3IcShane of tho Division of Communicable Dis- 
eanes of the Illinois Department of Public Health. 
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NUTRITIONAL STATUS OF STAPHYLOCOCCUS AUREUS AS 
INFLUENCED BY PROFLAVINE*^ 


Gustav J. Sc.D., akd C. Virgixia Fkuek, Pii.D., New Vokk, N. Y. 


n * Jiewer approach to the i>roblcin of ehemotherapy lies in the deterniina- 
1 tioii of altered haeterial imtrition or metabolic status caused by an anti- 
septic. The exclusion principle of Fildcs' has given inijjetus to investigations 
of. this type. Burke and his co^workei-s* first demonstrated that Stajyliylococcus 
(dhus develops resistance to acridines. In their experience, the adaptation to 
the dye was temporary and disappeared when the organism was grown on dye- 
free agar. Tlie work of ileliwaiiF has partially disclosed the nature of the 
mechanism of adaptation in these bacteria. Using Ducfcrhiyn coli and Strepto- 
cocens hcmohjticMs, he found two types of material which were needed for 
gi'ou’tii in the presence of the acridines but were not needed in normal bacteria. 
Typo 1 was nucleotides and Type 2 was a concentrate of amino acids for which 
phenylalanine could bo i)artiaUy substituted. Type 1 compounds formed com- 
plex .salts with acriflavitic components, and Mellwain considered that the in- 
hibitors inactivate cnz.\nue systems, of which Type 1 comi)Ound.s are an es- 
sential part and Typo 2 com])ounds are substrates or i^roducts, some of which 
can be replaced by hydrogen carriers. 

Recent revival of interest in acridines has been due largely to war medi- 
cine and to a report from a Bntisli Medical unit operating in North Africa.^ 
The present investigation was started witii the olijectivo of extension and im- 
provement in the acridine type of chemotherapy. 

Procedure and PesuUs. — The chemicals being tested for inhibition of the 
bacteriostatic and bactericidal action of proflavine were weiglicd into 10 e.e 
amounts of standard beef extract brotli. Each tube was subsecpieiitly inoculated 
witli 0.1 c.c. of a 1/10 dilution of a 22- to 26-hour eiilture of Staphylococcus 
aureus No. 209. The tubes were incubated 18 Ijour.s at 37.5° C. T)ic number of 
bacteria per c.c. was determined by the serial dilution plate count method. As 
an added clieck, a system for determination of density using reflection methods 
was employed. Each set contained tlic experimental tube, the control, and the 
tube with the experimentally used clicmicals. The latter tube was not inocu- 
lated. This made it possible to dilute the experimental tube with media and 
compare with the control plus an equal volume of incubated chemicals, the latter 
being used as the 100 setting and media as the zero. For purposes of listing, 
the chemicals tested are divided into five series: intermediary carbohydrate 
metabolic products, amino acids, vitamins, purines and pyrimidines, and mis- 
cellaneous. A total of 30 c-xperiments, 1000 serial dilution counts, and 2500 
media tubes were needed to obtain the results. 

Carbohydrate Intermediate Metabolic Products. — These chemicals were 
tested at concentrations up to 0.5 mg. per c.c. The proflavine concentration 

•Presenwa in part befoie Section of Biological Chemistry of the American Clicmlcal 
Society, PittSsburgh, 1343. 
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unless otherwise stated was 1 in 200,000 which is that concentration which com- 
pletely inhibits the growth of Staphylococcus aureus under our experimental 
conditions. All of these chemicals possessed some activity with the exception 
of dihydroxyacetone, glucuronic acid, and fructose. Table I shows the results 
obtained "with various intermediarj’- products of carbohydrate metabolism. It 
is felt that their activity is not due to chemical interaction with the acridiue 
used, proflavine. It is possible to conceive of direct chemical interaction be- 
tween the amino groups of the diamino-acridine and the aldehyde group of 
glucose, but it is difficult to imagine such action occurring between a simple acid 
like acetic and the proflavine molecule. It is highly probable that the action 
is the direct result of mass action forces on enzyme systems inhibited by the 
acridines. Only pyruvic acid proved effective at concentrations of 0.1 mg. 
per e.c. 

Table I 

The Influence op Intebjiediary Carbohydrate Metabolites on Proflavine Antiseptics 

(Averages for four sets) 

(Values expressed as number of bacteria per c.c.) 
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vitaiiiijis were uegativo without exception. The pliosplioiylated form of tlii- 
iimiiie, coearboxylase, was weakly positive at a concentration of 0.5 mg. per c.c. 

Punnes and Pyrimidines . — The members of this series included: adenine, 
guanine, guanosine, uracil, iJiymine, nucleic acid, adenylic acid, and cozymase.* 
The pyrimidines, uracil and tliymine, were negative. Guanine was a strong 
inhibitor while guanosine was inactive. Adenine was weakly positive, while all 
adenine-containing j^i^ysiologieal agents, adenylic acid, nucleic acid, and cozy- 
mase, were strongly positive. Of this scries only adenylic acid was active at 0.1 
mg. per 1 c.c. Table III lists results obtained with these agents. 


Tabi-e II 


Amino Acids Infujencino the Antisectic Activity of Proflavine 
(Averages for four sets) 

(Values expresseJ as number of bacteria per c.c.) 



PROFLAVINE 


CONTROL 

AMINO ACID 

0.5 MG./C.C. 

+ AMINO ACID 
0.05 MO./O.C. 

0.05 MO /c.c. 




180,000,000 

37,000,000 



150,000 

25,800,000 





03,000,000 





25,000,000 



5.070,000 


94,800,000 




500 

20,000,000 



870.000 


389,000,000 

43,740,000 



500 

20,000,000 




G,4S0 

18,000,000 

30,000,000 


•0.1 mg./c.c. 


Table in 


The Effect op Purines and Purine Derivatives on the Antiseptic Action of Proflavine 
(Averages for four sets) 

(Values exyressed as number of bacteria per c.c.) 


COMPOUND 

0.5 MG./C.C. 

PROFLAVINE + COMP. 
0.05 MG./C.C. 

PROFLAVINE 
0.05 MG./C.C. 

CONTROL 

COMPOUND 

Aileuine 

77,700 

30 

102,000,000 

48,600,000 

Adenine 

50,100 

120 

25,000,000 

24,000,000 

Adenylic Acid 

82,800,000 

520 

94,800,000 

100,000,000 

Adenylic Acid 

27,000,000 

DO 

36,000,000 


Cozymase 

144,000,000 

96 

36,000,000 


Cozymase 

3,250,000t 

3,000,000* 

30,000,000 

30,000,000 

Nucleic Acid 

5,400,000 

120 

25,000,000 

Nucleic Acid 

34,800,000 

660f 

70,000,000 



232,000 

47,000 

189,000,000 

7,290,000 

Guanine 

4,200,000 

520 

87,000,000 

88,000,000 

Guanosine 

432 

520 

94,800,000 


Guanosine 

1,070 

540 

87,000,000 



*0.01 ing/c.c. to. 08 mg./c.c. JO I mg./c.c. 


Both adenine and guanine are positive, one is 6-aminopurine, the other 
2-amino-6-oxypurine. Uric acid is negative. This may suggest that an amino 
group in tlie 2- or 6-position is vital to inhibitory activity. Thymine, 2 :6-dioxy- 
5-methylpyrimidine, and uracil, 2 :6-diox}’pyrimidine, are both devoid of ac- 
tivity and of amino groups. However, the chemical reactivity of purines and 
pyrimidines is of such a similar nature as to render improbable chemical reaction 
between acridine and purines as the basis of tJic inliibitory action of these agents. 
Coenzyme 1, eozymase, is an adenine nucleotide containing in its molecule one 

•Oblalnea through the courtesy of Dr. E. Bueain^ and Dr. S. Ochoa of Bellevue Hospital. 
New York. N. Y. 
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mole of adenine, one of nicotinamide, and two of phosphoric acid and d-ribost*. 
Adenylic acid is composed of one molecule each of adenine, ribose, and plios- 
phoric acid. In each case, the amino group of the adenine moiety is free. 

Miscellaneous. — ^ii-Hydroxypheiylpyruvic acid (2.0 mg./e.c.) was found neg- 
ative. Tliis rather suggests that the activity of pyruvic acid is a specific one 
and not due to reaction of the carbonyl radical with the amino of proflavine. 
Blood serum was found highly potent as an inhibitor when added in quantities 
of 1 c.c. to the 10 c.c. of medium containing the proflavine. The activity seemed 
to be no greater than that found in 5 mg. of adenylic acid. Several of the 
specific inhibitors, e.g., pj'^ruvic acid and malic acid, seemed to possess a potency 
in 5 mg. amount equal to that of 1 c.c. of serum. Casein hydrolysate tested at 
100 mg. in 10 c.c. was active, and its activity could easily be accounted for by 
its content of glutamic acid, histidine, cysteine, phenylalanine, and tyrosine. 
Creatine and creatinine were tested and found negative. 

Using a proflavine concentration of 1 in 1,000,000 at which it exerts a very 
weak antiseptic action, various sulfonamides were tested in eonceiitrations of 1 
in 100,000 for any inhibitory effect against proflavine. Sulfanilamide, sulfa- 
pyridine, sulfathiazole, sulfadiazine, and sulfaguanidine were all negative. 
Pyridium was also devoid of inhibitory action under these conditions. 

Many of the inhibitors of proflavine action were tested as possible stimu- 
lators of the growth of Staphylococcus aureus in the standard beef extract broth 
used as medium. Glucose, 10.0 mg./c.c., and plienylalanine, guanine, adenine, 
histidine, sodium oleate, adenylic acid, nucleic acid, pyruvic acid, acetic acid, 
succinic acid, and glutamic acid, each at 0.5 mg./c.c., were all tested, and of 
these only succinic acid and glutamic acid stimulated growth even to a slight 
extent. Details of results udth the various agents are listed in Tables I, 11> 
and III. 

The ratio of proflavine to effective concentration of inhibitor was between 
1 ;100 and 1 ;20. This ratio was maintained using coneentrations of proflavine 
from 1 :200,000 to 1 .-5000, where pyunivie acid and adenylic acid were studie 
as the inhibitors. 


Chemical Studies . — Attempts were made to precipitate proflavine from a 
saturated solution by adding a saturated solution of adenylic acid, malic aci , 
pyruvic acid, and guanine. With the guanine and the malic acid a precipitate 
formed, but as was subsequently determined, this was due to a salting out 
process and not to the formation of an insoluble proflavine complex. At le 
concentrations employed in the bacteriologic testing, 1 in 200,000 for the anti 
septic and 0.5 mg. per c.c. of the other reagents (unless they were less solu e , 
no precipitates were formed. It may'' easily . be that soluble complexes 
formed. In this connection, the work of Wagner-Jauregg^' is interesting, 
described the formation of various acridine salts of adenosinepolyphosp 
acids. These salts were formed with adenylic acid and with the 
and tri phosphoric acid complexes. No precipitate occurred when eozyniase ^ 
added to acridine solution. Under tlie conditions of our experiments, 
cipitates were formed when proflavine and adenylic acid were allowed to i 
in saturated solutions. Our conditions attempted to simulate the 
experimentation conditions and did not resemble those of Wagner- 
who treated a watery solution of the free adenosinephosphoric acid with an . 
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Iiolic solution of acridine. Thus, it is felt that although it is highlj^ probable 
tliat complexes of some sort are formed between tlie adenine-contaiuing com- 
pounds and proflavine, these complexes are not insoluble. More specifically, 
the basis of tlie nieehanisnis under consideration is not one of simple precipita- 
tion of the active growth-promotin'^ physiologic ingredient of the medium. TJie 
fluorescence of a 1 in 200,000 solution of proflavine is not altered by the pres- 
cuce of 0.5 mg. per c.c. of either pyruvic acid or adenylic acid; tliis is further 
proof against any precipitation. 

Discussion . — Tlie action of the acridine antiseptics depends iirinnU’ily upon 
the ability of these agents to inactivate physiologically important adenine com- 
Iiounds. In this group are adenine, adenylic acid, adenosine triphosphate, 
cozyniasc (coenzyine 1, which is a diphosphopyridine nucleotide), coenzyme 2 
(triphosphopyridiue nucleotide), and flavine adenine dinucleotide (xanthine 
oxidase, d-amino oxidase, diaphorase, aldehyde oxidase, and fumaric hydrogen- 
ase). 

It is not impossible tliat part of the action depends upon the inhibition 
by tlie acridine of nucleosidase which is responsible for the lilieration of adenine 
from nucleic acid combination. However, this seems unlikely because adenine 
itself is ail extremely weak inhibitor of the action of the acridine,?, and if the 
presence of free adenine were the limiting factor one would expect it to be a 
powerful inhibitor. 

^Ylleu we consider eacli enzyme in its specific system along with the chem- 
icals demonstrated to inhibit the antibacterial action of the acridines, it be- 
comes apparent how they cross-check. 

Fumaric hydrogcuasc is the yellow enzyme catalizing the reduction of 
fumaric acid to succinic acid. Fumaric aci<l weakly inhibits the acridine ac- 
tivity; succinic acid powerfully inhibits this action. The fumaric acid probably 
acts by ma.ss action, forcing sonic formation of succinic acid via the reduced 
etfcctive concentration of the fumaric hydrogenase. 

d-AmUio acid oxidase but not 1-amiuo acid oxidase is affected. As not all 
amino acids inhibit acridines, l-amiiio acid oxidase should not be involved. The 
fact that it is not may indicate that this enzyme is not an adenino-containing 
complex. Although d-amino acid oxidase is probably inhibited, the d-amino 
acids do not inhibit the acridinejs, since d-amino acid metabolism is probably 
not vital to the life processes of the Staphylococci. 

Coenzyme 1 is dcmon.strated to inhibit the acridines. Its action i.s as a 
coeiizyme for many dehydrogenases. During the reactions it takes up two 
hydrogen atoms, forming dihidrococnzynic 1. It is the coenzyme for over 35 
different enzymatic reactions. Glucose dehydrogenase converts glucose to 
gluconic acid, and both glueo.se and gluconic acid are weak inhibitors of pro- 
flavine. 

Penicillin B”’ is an enzyme of the flavine type converting glucose to gluconic 
acid. It is pos.sil)le tiiat any enzymatic system may be the mechanism of anti- 
bacterial action if it is caused to become exceedingly active, producing an cx- 
ce.ss of an antilmcterial chemical, or if it i.s caused to cease to act entirely, thus 
depriving the bacterium of a required nutrient material. Malic dehydrogenase 
converts malic acid to oxahieetie acid, and malic acid inhibits the acridines to a 
mild degree. 
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Lactic dehydrogenase converts lactic acid to pyruvic acid, and both acids 
inhibit acridines. The product, pyruvic acid, is bj’' far the more powerful in- 
hibitor. Glutamic acid dehydrogenase converts glutamic acid to alphaketo- 
giutaric acid, and glutamic acid partially inhibits the acridines. , These seem 
enough examples to demonstrate the point that coenzyme 1 is inhibited and that 
increased concentration of substrate or product aids the bacterium in overcom- 
ing the action of the antiseptic. 

Adenylic acid is also an excellent inhibitor of acridines. This fact in turn 
indicates that the acridines inhibit adenylic acid. If this were true, it would 
lead to certain metabolic abnormalities which could be corrected by supplying 
phosphorylated forms or certain dephosphorylated forms. Tliiamine is believed 
to be converted to coearboxylase through the action of adenylic acid, and there- 
fore cocarboxylase should partially inhibit the acx’idines. The fact that it does 
inhibit the acridines indicates the correctness of the deduction. Pyruvic acid 
is at one phase of intermediary carbohydrate metabolism the end product of 
the dephosphorylation of phosphopyu'uvic acid, which gives its phosphate radical 
to adenylic acid, which is in turn converted to adenosine triphosphate. Pyruvic 
acid is a poiverful inhibitor of proflavine, and there would seem to be two rea- 
sons. First, it is the product of lactic acid dehydrogenase of ■which coenzjmie 1 
is an essential part, and second, it is one of the important products of inter- 
mediary carbohydrate metabolism at the point involving the adenylic acid 
molecule. 

The manner in which phenylalanine and tyrosine fit into this picture is as 
yet undetermined. It is true that in certain instances bacteria have a metabolic 
requirement for one or the other. Pasteurclla pestis^ seems to require phenyl- 
alanine in preference to tyrosine for its growth. Neither tyrosine nor phenyl- 
alanine is required growth factor for Bacillus larvae.' Tyrosine alone is ef- 
fective for Streptococcus salivarius.^ The typhoid bacillus® seems to require 
neither tyrosine nor phenylalanine. In the case of the meningococcus*'’ ade- 
quate growth is obtained with an amino acid mixture containing iihenylalanme 
and no tyrosine. Streptococcus liemolyticus^'^ requires seven amino aeid», 
tyrosine, and not phenylalanine. Bacterium tularense^" grows well on a syn- 
thetic medium containing phenylalanine but no tyrosine. Thus, it cannot be 
definitely stated that Staphylococcus aureus requires phenylalanine or tyrosine 
for its metabolism, but the indications are that it does. 


Our observations entirely confirm those of hlcllwain® concerning the ac^ 
tivity of phenylalanine and nucleic acid in inhibiting the antibacterial aetivitj 
of proflavine. The general mechanism suggested by him ive havm eonfirme anc 
extended. The enzjnne systems are the adenine-containing enzjmie .systems, an ^ 
the substrates are not only’’ certain amino acids but also various interme lary 
carbohydrate metabolic products. 

Dickens*® noted that acriflavine among other agents inhibited the 
reaction, which might be stated to be carbohydrate oxidation undei aeio 
conditions. This is a, mechanism in which the physiologically important t. 
containing compounds would be directly involved, and therefore 
suits fit into the picture as we construct it. It was felt by this investigatoi^ 
the activity of the dyes was due to an antieatalytic action on certain ce^^ 
zymes, and he suggested that they might be pyridine-containing enzym 
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eoeiizymcs which were involved in hydrogen transport. lie further suggested 
that the active agents displaced the eoenzynies by preferential adsorption on the 
colloidal carrier, forming an inactive complex. This theory of Dickens is in 
essence the mechanism that we have established. ^Manifold'* found that acri- 
flavine, proflavine, and 2 :7-diaminoacridiuc inhibited the i)yruvate and glucose 
oxidation systems of brain tissue. The inhibition of fumarase by acriflavinc was 
demonstrated by QiiasteV^ who later*® demonstrated an inliibition of urease by 
this same chemical. In tlic urease experiments, Quastcl found that glycine, 
p-aminobenzoic acid, aspartic acid, glutamic acid, and allantoin afforded nearly’ 
50 per cent protection against brilliant green toxicity for urease. 

All of the facts recorded by these iiivostigatois’^-*® fit into the theory we 
present for tlie mechanism of action of the acridine antiseiitie, proflavine. 


SU.MMARV 

Proflavine, 2:8-diaminoacridine, pi'oduces baetcriostasis in Staphylococcus 
(lurcus cultures l)y inhibiting adenine-containing physiologically important 
factors: adenylic acid, coenzymes 1 and 2 and adenine flavine diniicleotide. 
This faet was demonstrated by the inhibition of the action of proflavine by 
adenine, adenylic acid, cozymaso, and nucleic acid (yeast). Further, metabolic 
intermediates of the action of these agents inhibit acridine; included among 
these intermediates arc glutamic acid, lactic acid, acetic acid, pyruvic acid, and 
gluconic acid. 

Certain agents which inhibit acridines and constitute exceptions to the 
above scheme are discussed. 
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CLINICAL CHEMISTRY 


THE EBLATIONSHIP BET.WEEN BLOOD VOLUME AND BLOOD 
SPECIFIC GRAVITY IN THE RECOVERY PROM 
CARDIAC DECOMPENSATION* 


Joseph R. Di Palha, M.D., and Philip E. Kendall, M.D. 
New York, N. Y. 


A S a result of the work of Gibson and Evans, ^ it is now generallj' recognized 
^ that the recovery from cardiac decompensation is attended by a fall in 
lilood volume which parallels improvement in A^enous pressure and circulation 
time. In severe instances of decompensation, this fall may be as much as 40 
per cent of the initial volume. AYith such a marked reduction in blood volume 
over a relatiAmly short peiiod of time and also in consideration of the profuse 
diuresis in a compensating cardiac patient, the question naturally arises as to 
the effect upon the concentration of the blood. Does the blood become more 
concentrated, and, if so, does it affect the fluid portion of the blood as ivell as 
the cellular? Stewart" has presented eA'idence that the first period of recoA’ery 
from decompensation is accompanied by a fall in plasma specific graA'ity Avhicli 
later rises to control IcAmls as complete compensation is reached. Most author- 
ities believe that there is a concentration of the blood, but only because the 
relative proportion of red blood cells to plasma increases as the patient m 
cardiac failure recovers.'’ ^ lIoAvever, the exact relationship has never been 
Avorked out. 

This investigation was undertaken in an attempt to answer these problems 
by frequent measurements of blood volume, Avhole blood specific gravity, plasma 
specific graAuty, and hematocrit readings in a suitable group of patients wi 
heart disease as they recoAmred from decompensation. 


METHODS and PROCEDURES 


, 14 

Plasma volume Avas measured by the dye method of Hooper et a . 
method Avas modified only by substitution of the BAmns’ Blue, T 18 01 

the dye Autal red. Also, in recognition of the prolonged mixing time 
in cardiac decompensation by Gibson and EAmns,' a seA^en-minute peiio " 
alloAved to elapse before collection of the second sample instead of four min^ 
utes. By use of graded standard solutions the unknoAvn and standard lea mg 


*From the Department of Medicine, Long Island College of Jledicine, v 
Hospital Division. undation. 

This investigation lias been aided by a grant from tlie Josiah Macy, Jr., o jjgjjcine, 
Presented before the Clinical Research Meeting of the New York Academj o 
May 27. 1913. 


Received for publication, Dec. 29, 1943. _ , division. 

IThe dye Evans' Blue used in this study was obtained from the Chemical sa e 
Eastman Kodak Company, Rochester, N. Y. 
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on the culoriiiieter u'ere never allowed to deviate more than 10 per cent. This 
greatly added to the aceiiraey of the results From tiie plasma volume and 
the hematocrit reading, the whole blood v<ilume and red cell volume were 
calculated. 

Whole l)Iood specific gravity and plasma spe<*ifie gravity ivere measured 
by the metliod of Bai’bour and Ifamillon® as perfected by Scudder.^ Heparin 
was used as tlie anticoagulant. All samples were venous, secured from the 
cubital fossa without stasis. Kigid precautions were foIJo^ved to prevent 
hemolysis, and all samples sliowing the slightest defect in this direction were 
discarded. Double determinations were made. Hematocrit readings were also 
performed in duplicate by tlie use of Sanford-JIagath tubes. Tliey were cen- 
trifuged at 2,500 revolutions per minute for one hour. Venous pressures were 
determined by the standard tube method with the needle held 10 centi- 
meters above the level of the bed. (’ireulafion time from the arm to tongue 
was measured with deehoUn. 

Only those patients with ample evidence of decompensation were selected 
for this study. They all had clinically obvious venous distention and periph- 
eral edema. The procedure with any given case when first seen \mis as follows: 
A few hour.s after admission the initial blood volume, blood specific gravity, 
venous pressure, and circulation time studies were made. He was then rapidly 
digitalized by mouth. Fluid intake was limited to 1.200 c.c. daily. Approxi- 
mately twenty-four hours later, an iii.jection of 2 c o. of mereupurin was given. 
This was repeated in four day.s when ncoes.sary. Each patient ^v’a.s then care- 
fully followed for at Ica.st a two-week period. The blood volume determination 
as ■well as venous pre.ssure and circulation time was repeated on the second 
or third day after admission and also on the fifth, ninth, and fourteenth days. 
Hematocrit readings and blood specific gravity studies were done daily Blood 
•Samples for these latter determinations were always collected approximately 
three hours after a .standard light brcakfa.st. 

RESULTS 

Early in the investigation it was found in a large group of decompensated 
cardiac patients that if the specific gravity of the pla.sma was followed daily 
until compensation "Nvas attained, two types of curves resulted. In the first 
(Group I)^ the specific gravity of the pla.sma fell in the first two or three days 
following therapy and then rose gradually to control or just above control 
levels as compensation was achieved. In the second type (Group H), the 
specific gravity of the pla.snia stayed constant or ro.se in the first two or three 
days following the onset of recovei’y. The general character of these curves 
is illustrated in Fig.s. 1 and 2, respectively. Note that the specific gravity of the 
plasma has been converted to plasma protein by meaii.s of AVeech’s formula." 
In order to eiiicidate further the nature of this change in blood concentration, 
•sixteen careful experiments on fourteen patients were carried out; in these 
the specific gravity of the whole blood, hematocrit readings, and the blood 
volume were also studied. The age and type of heart disease were summarized 
in Table I. All were males with the exception of li. B. and A. B. Two patients 
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F. P. and B. T. were studied on sepai'ate admissions to the hospital. These 
■were approximately three and two months apart respectively. Close study of 
Figs. 1 and 2 reveals additional factors of interest. In all cases except one, 
I. M., the change in hematocrit reading paralleled the change in plasma pro- 
teins ; for exam23le, if the plasma proteins fell, the red blood cell per cent also 


OAVS 





Pigs. 1 and 2. — Group I and Group II cardiac patients are 
Table I). The first day represents conditions before the onset of therapy, has 

day shows complete recoverj- from heart failure. The specific gravity of .Pj.^cance. 
converted to plasma proteins hy use of Weech’s formula and has the same sigun ^ qi 

that all the patients in Group I had a fall in plasma proteins during the 

recover>'. The hematocrit reading also fell during Uiis period in all durin? 

The whole blood specific gravity’ reflects the over-all change in blood coj^em pj^jjy than 

recover>*. Note that in the first period of recovery the plasma volume fell more specific 

the red blood cell volume. Despite this apparent blood concentration, the wnoie jf pa^ 

gravity fell because of the simultaneous marked decrease in Pl^sma _ protsm^* - ^ the 
tients show either no change in blood specific gravity or a rise. This is assoc 
lack of change in blood volume. (See text for full discussion.) 




Fiff. 2. 

fScc Fi'j- i for complete levend) 


and the hematocrit. Tims the observed changes in whole blood specific gravity 
substantiate the conclusion that the deviation in the specific gravity of the 
plasma in one direction is attended by a ehange in the hematocrit reading in 
the same direction. The significance of this will be discussed below. 

When the blood volume in each cardiac patient is studied in relation to the 
changes in blood concentration, one other fact stands out (Figs. 1 and 2, and 
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Table I ) . In the firet group, the decompensated patients have a greatly increased 
initial blood volume, whereas in Group II the blood volume is, not very much 
increased. Iloreover, the decrease in total blood volume with compensation in 
the first group is marked, 28 per cent. In the second group, the decrease is only 
6 per cent. This fall in blood volume is corroborated by the fact that the 
extent of the fall in venous pressure was also greater in the first group. 


T.vble I 

Li.sx OF Gp.orp I AX'D Group II Cardu.c Patiexts "Which Are Preferred to ix' the Text. 
The I{el.vtiox'Ship Between the Decp.ea.se ix' Blood Volume ax'd Recovery 
From Heart F.ulup.e as Ix'dic.vted by the Vex'ous Pressure ax'd 
C iRCUL-CTiox' Time Is Demox'stkated ix Both Groups 





1 ox admission 

1 recovery 

XAilE 

AGE 

DIAGNOSIS 

VENOUS 

PRESSURE 

CM. H.O 

1 CIRCUUA- 
TION 
TIME 

1 SEC. 

TOTAL 

BLOOD 

VOLUME 

C.C. 

VENOUS 
PRESSURE 
CM. H.O 

CIF.CULA- ! 
TION j 
TIME 
SEC. 1 

TOTAL 

BLOOD 

VOLUME 

1 C.C. 


group I 


F. P.I 

50 

H.C.V.D. 

34.5 

39 

7915 

11.0 

13 

5611 

F.P.2 

50 

H.C.V.D. 

29.0 

48 

6240 

13.5 

20 

4S95 

B.T.i 

51 

L.H.D. 

25.5 

25 

6521 

9.0 

15 

5592 

1. C. 

70 

H.C.V.D. 

39,5 

45 

8717 

15.0 

35 

4S93 

W. 1. 

56 

A.H.D. 

41.5 

48 

9061 

13.0 

24 


J.C. 

oS 

H.C.V.D. 

26.0 

37 

5722 

16.0 

19 

oOlD 

F. F. 

64 

L.H.D. 

39.0 

30 

5124 

10.5 

17 

3823 

I.W. 

68 

A.H.D. 

34.0 

40 

8734 

19.0 

20 

601U 


WEANS 

33.6 

38.7 

7254 

13.4 

21 

5*^-7 


group II 


J. G. 

51 

AH.D. 

23.5 

38 

6620 

10.0 

9 

6289 

6380 

E.B. 

50 

R.H.D. 

H.C.V.D. 

33.5 

25 

6646 

29.0 

28 

B. T.2 

51 

L.H.D. 

25.5 

24 

5846 

15.5 

10 

5628 

3536 

5086 

6120 

3982 

6600 

5452.0 

L.W. 

86 

A.H.D. 


25 

3598 

12.5 

12 

I. D. 

72 

A.H.D. 

30.5 

32 

5602 

11.5 

19 

A.B. 

48 

T.H.D. 


12 

5941 

22.5 

9 

C. C. 

74 

A.D.H. 

32.5 

25 

4960 

19.0 

14 

HR. 

5S 

MEANS 

H.C.V.D. 


26 

25.9 

7210 

5803 

15.0 

16.9 

17 

14.7 


A.H.D. Arteriosclerotic heart disease. 

H.C.V.D. Hypertensive cardiovascular disease. 
R.H.D. Rheumatic heart disease. 

T.H.D. Thyroid heart disease (thyroidtoxicosis). 
L.H.D. LeuUc heart disease. 


Also of note is the fact that one cardiac patient studied, P. P., 
same type of curves on two separate admissions. His blood volume in hot 
instances was initially elevated and was markedly reduced with recovery, bj 
contrast, B. T. fell into the first group on his first admission and into the secoii 
group in his second attack of decompensation. The blood volume changes cor 
responded, for on his first admission the reduction in total blood volume wi 
recovery was 929 c.e. ; on his second admission it was only 218 c.c. 

A correlation chart serves to illustimte graphically the relationship between 
the blood volume and plasma specific gravity in the two groups of caidiac Pj* 
tients (Pig. 3). In the first group it is seen that as the blood volume falls rapi 
in the first three days of the onset of recoveiw from decompensation, the p 
protein concentration also falls rapidly. From the third day onward, " ® 

blood volume is still diminishing but at a much slower rate, the 
concentration rises gr*adually to slightly above its control lev'el. In the see 
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group there is a slight iuerease in plasma j^rofein concentration with tlie fall in 
total blood volume of tlie tlirec da.vs, ^\fter this, there is little change in 
the relationship ])etween the two factors. Since in the two groups tlie iieniatocrit 
readings and the whole blood specific gravit.v parallel the plasma proteins, it is 
obvious that the same relationship holds for the latter (see Figs. J and 2). 

It may be conclnded, tlierefore, that as a decompensated cardiac patient 
recovers, the specific gravity of the pla.snia nmy either rise or fall for a period 
of from two to three days following the on.sot of therajiy. It then stabilizes at 
approximately control or sliglitly above roiilrol levels, with complete compen- 
sation. The hematocrit reading generally jiarallels the change.s in plasma .spe- 
cific gravity. Those cardiac patients who have a fall in specific gravity of the 
blood have an increased initial blood volume which is markedly reduced witli 
compensation, while tliose Avho do not have a fall in specific gravity of the 
blood do not have a large initial blood volume with marked reduction in the 
recovery pha.se. 


7500 


h 6500 

§ 

a 

§ 6000 
_l 

P 5500 



GROUP n 


7500 


TOOO 


6500 


6000 


5500 


5.5 


6.0 65 70 I 6.5 TO 

plasma PRorews gmms ^ 


75 


F’Jg. 3. — Correlatfon graplis of the cbans’cs observe,! in blootl volume and plisma protein 
concentration. Data for graphs gathered from charts are shown In Figs. J ami 'i. Each 
nuiijeral represents the mean total blood volume and the mean plasma protein concentration 
on each day that the patient was studied. Thus, numeral J represents Uie mean total blood 
volume ami the mean plasma protein concentration on the first day before therapy was started. 
The succeeding numerals indicate the change observed on the followlne days until complete 
recover}' takes pUce. Note that In Group 1 the rapid fall in blood volume in the first 3 days 
U attended bv n corresponding r.apld fall in plasma proteins. Thereafter, as the blood volume 
continues to ’diminish lesa rapidly, the plasma proteins rise gradually to their former level. 
In Group Ii the blood volume diminishes only slightly with recoveiy. and the plasma proteins 
III this Instance rise slightly in the first three days and then remain constant. 


D1.SCUSSI0N 

111 agrceiiieiit witli Gilison and Evans' it was found that during tlie initial 
period of recovery in tlie first group of patients ff'ig. 1) the decrease in plasma 
volume was greater than the decrease in red cell volume. However, their sup- 
position that hecaiisc of this relative increase in red hlood cell volume, the con- 
centration of whole blood at this time must be greater is not borne out in fact. 
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They were not aware that during this period there is also a marked fall in the 
specific gramty of the plasma. ■ The curves of whole blood specific gravity in 
Fig, 1 clearly show the fall in rvhole blood concentration during this period of 
recovery from decompensation. Stewart V conclusions are also open to question 
in regard to increases or decreases in blood volume, as he studied changes in 
specific gravity of the plasma alone during recovery in cardiac patients. There- 
fore, in view of the evidence here presented it cannot be too strongly emphasized 
at this point that changes in blood concentration do not always indicate the im- 
pending changes in blood volume, nor, conversely do changes in blood volume 
always show the impending changes in blood concentration. To determine ac- 
curately blood concentration or dilution, both specific gravity and blood volume 
studies must be made. Disregard of this factor has led to much confusion in the 
literature, as aptlj’’ pointed out by Bazett.® 


SUiOIARY AND COXCLU.SIONS 

Sixteen experiments on fourteen patients with various kinds of heart disease 
during severe decompensation were made. As each patient recovered from de- 
compensation with the usual therapeutic regime, the whole blood specific gravity, 
plasma specific gravity, and hematocrit readings were done daily. Blood volume 
was measured by the plasma dj'e method at least four separate times at suitable 
intervals during the recovery period. Venous pressure and circulation times 
were done frequently' to gauge the extent of decompensation and recoveiy. The 
data secured permitted the following conclusions to be derived concerning the 
relationship between blood concentration and blood volume in the recovery from 
cardiac decompensation. 

It was found that the decompensated cardiac patients studied could be sepa- 
rated into two groups. The first group had a high initial blood volume which 
was reduced mai’kedly' with recovery' from decompensation. In the first two 
or three days following the onset of recovery there was a marked fall in specific 
gravity of the plasma. The hematocrit level also fell during this period in all 
eases except one. Later, with further recovery', there was a gradual rise m 
plasma specific gravity and hematocrit levels, to control or slightly above the 
control leA'els. The changes in whole blood specific gravity corroborated these 
findings. 

The second group did not have a marked initial increase in blood volume 
and the reduction with recovery was slight. In this instance there was eithei 
little change in plasma specific gravity or a rise during the first period of le- 
covery' from decompensation. In all instances the hematocrit level paral e e 
the changes in plasma specific gravity. 

In the light of these results, the significance of the relationship betuem' 
blood concentration and blood volume, in patients’ recov'ery from cardiac a 
ure, Avas discussed. It was pointed out that to accurately' determine 
concentration or dilution, both specific gravity and blood A'olume studies mi.'> 
be made. 

The authors are grateful to Dr. J. Hamilton Crawford for his interest and helpful sUo 
tions in this investigation. 
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LABORATORY METHODS 


QENERAL 


COMPARATIVE RESULTS WITH TRANSDERMAL (OR TRANS- 
CUTANEOUS) AND INTRACUTANEOUS 
TUBERCULIN TESTS- 


H. J. CoRPER, M.D., Ph.D., Denver, Colo. 


I T WAS pointed out previously^ that the many divergent opinions on the value 
of the tuberculin test might be accounted for primarily by the degree of 
chemical and baeteriologic purit}'^ and stability of the tuberculin preparations, 
and the lack of a full understanding of the basis of the tuberculin reaction and 
those biologic factors which account for its fluctuations in the individual case. 
When properly evaluated in the light of any single biologic test, it is still classed 
among the best biologic tests Imown to medicine. In diagnosis or in surveys, 
a good evaluation of a properly performed tuberculin test can be of inestimable 
value ; not exclusively in every case, to be sure, even though at times it may 
be the only available positive or negative evidence, but rather inclusively when 
all available findings are considered. 

Now that it is understood that the tuberculin reaction, either local or gen- 
eral, is a quantitatively variable condition based not on tuberculosis per se but 
rather on the commonly and almost regularly associated condition, tuberculous 
allergy,“ it is possible to evaluate the significance of this reaction and to avoi 
misinterpretation in man or animal, especially if general reactive ability is 
considered as one factor in the negative or positive phases of this reaction, 
has been disclosed^ experimentally’^ that tuberculin (tuberculoprotein) anaph}^ 
laxis is not significant in the tuberculous, but specific tuberculo-inimunity an 
specific tuberculo- (bacillary) allergy^ ai’e of practical significance as two .sepa 
rate phenomena occurring, however, distinctly to variable extent in 
phases of the disease. Although there appears to be no definite evidence o 
liberation of tuberculin in vivo in tuberculosis as it occurs in vitro* in cu 
of tubercle bacilli, there is a definite tuberculo-allergic hypersensitiveness 
tuberculin, as distinguished from bacillary hypersensitiveness. Siieh tu 
allergic hypersensitiveness is developed during the tuberculous 
responds by the familiar reaction when tuberculin (tuberculoprotein) is 
for test by injection or suitably applied so adequate and intimate contac 

•From the Eesearch Department, National Jewish Hospital at Denver, Colo. 

Received for publication, Nov. 2, 1943. 
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the body tissues occurs. The qiiuntitative aspects of tJiis response are well 
known and evident from the past failure to accept anj’ single quantity of 
tuberculin for test by injection. 

In the early part of this century, the lack of pure tuberculins proved a 
decided handicap to scientific progress. Not until Long and Seibert® introduced 
methods of i)reparing ehemieally pure tuberculins was it possible to define the 
tuberculin reactions more accurately as to their significance or dosage. AVhen 
chemically pure tuberculins were used by injection for diagnostic or survey 
purposes, the amount to obtain a positive reaction and still avoid too severe a 
reaction had to be definitely limited and defined. Graded tests became neces- 
sary because of the quantitative aspects of the tuberculin reaction in the indi- 
vidual case. However, sueli procedure proved much more satisfactory and 
accurate than the Pirquet scarification procedure, used almost universally in 
the carl3’ surveys of this eentmy, in which a full strength tuberculin was applied 
to a scarified (Pirquet method) or punctured (Craig method) skin and re- 
sulted in a high percentage of positive reactions. It is well known now that 
full strength tuberculin can cause a fair percentage of false positive reactions 
when introduced into the injured or abraded skin. This was one of the orig- 
inal objeetion.s to the iloro Ointment test which required vigorous rubbing and 
consequent skin injury to attain the proper introduction of the tuberculin sus- 
pended in fats as an ointment. 

To obviate either injection or scarification, Vollmer and Goldberger® intro- 
duced the patch tost. Tliis is essentially a dried (saturated) tuberculin on a 
piece of filter paper attaclied to adhesive tape, and it requires four days after 
application before the final readitig. The main advantages claimed were that the 
test requires no instruments, can be performed by nurse or assistant, and 
eliminates danger of infection. The tuberculin is liquefied sufficiently by the 
natural moisture of the skin (“perspiration insensibilis’*). However, the dis- 
advantages to the patch test arc the slow evolution of tlie reaction, four days 
compared with one to two da.vs by injection, and the adhesive tape reactions 
occurring in certain individuals/- ® 

Recognizing the possibilities of the traiisdermal tuberculin test and using 
chemically pure tuberculin, one can point out* that the nature of the injected 
tuberculin reaction appears to limit tlie use of tuberculin for diagnostic pur- 
poses. A transdermal, or transcutaneous, tuberculin test with pure tuberculin 
would have tlie advantages of being based on rapid absorbability through in- 
timate contact of a high concentration of tuberculin in soluble form, producing 
uo general toxicity, and offering simplicity, speed, and visibility. Such a test 
might also be self-limited by the very positive reaction itself.® However, there 
were three features which precluded practical success, the comple.xity of 
preparation, the high cost of chemically pi-epared pure tuberculin, and the un- 
successful attempts to incorporate the ordinary tuberculins in a suitable ad- 
hesive to insure intimate contact with the skin without producing irritation 
or reactions of anj-" Icind in itself. 

Tiic primaiy purpose of obtaining a suitable tuberculin (tuberculoprotein) 
was achieved in the development of a highly potent autolytic (or plasmolj'tic) 
tuberculin,*'^ bacteriologically and chemically pure. Its biologic activity was 
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proved identical to the tuberculin (tubereuloproteiu) obtained in the uatoal 
filtrate from growing tubercle bacilli on a nonprotein synthetic medium. Thi.s 
tuberculin could be readily dried, pulverized, and incorporated into a trans- 
parent skin adhesive preparation, would dry witiiin several minutes on the skin 
of man or animals, produced no tensive or irritation reactions, and possessed no 
antigenic properties when applied to the skin alone in either normal or tubereulo- 
allergic individuals. 

To eliminate marked variation in the response to different commercial 
tuberculins,^^ all transdermal and intradermal tests to be reported used the 
same origuial bacillary cultures, and the autolytic tuberculin and a purified 
protein tuberculin were prepared from these to rule out variations and to make 
comparisons basically as scientific as possible. Preliminary experiments in 
guinea pigs revealed a striking pax-allelism of the negative and positive reactions 
obtained in normal, tuberculous, and tuberculo-allergic guinea pigs (prepared 
with viable avirulent or nonviable heat-killed tuberele bacilli suspended in 
mineral oil). 


In order to do a satisfactory scientifically controlled test on well-studied 
eases from a diagnostic standpoint, intradermal and transdermal test materials 
w^ere prepared. Colonel George P. Aycoek, Chief of IMedical Service of Pitz- 
simons General Hospital, presented the data on the individual cases studied, 
and these are summarized into the follorving compilation of results. The find- 
ings are presented wuth the intradermal (Mantoux) and the transdermal 
(autolytic) tuberculin tests in 103 cases studied at Pitzsimons General Hospital. 

Of the 103 eases tested, 90 gave a positive transdermal test, w'hich was read 
at 24 and 48 hours after application of the autolytic tuberculin. Eighty-nine of 
these 103 cases gave a positive intradermal reaction, graded in the ixsual fash- 
ion from 1 plus to 4 plus ; 87 of these gave a positive response following the m- 
jection of 0.001 mg. of purified protein tuberculin, and tw'o additional cases 


gave a positive response after giving 0.005 mg. of tuberculin. There was osre - 
ment in positive findings between the transdermal and intradermal tests in 
eases (considering all grades of positive reactions to 0.001 mg.), while 82 agree 
when the larger amount (0.005 mg. tuberculin) was given intracutaneously. 


There were seven eases wdiich gave a positive transdermal test and a nega 
tive intraeutaneous test (all grades reaction to 0.001 mg.), and two of the lat 
ter were positive to the 0.005 mg. test. There wm’e seven cases which ga\e a 
positive (all grades) intraeutaneous test and a negative transdermal test. 

There wmre 31 eases Avith a posith'e smear or culture for the presence of 
tuberele bacilli in the sputum, and all of these gaA^e a positive intraeutaneous 
and transdermal test except one of the latter. The patient in that case no® 
critically ill at the time of test and displayed a decidedly retarded transdernia 


absorption. 

Some of the details of the special eases of disagreement between the 
dermal and transdermal tests are px-esented here. In eA'aluating a 
negative reading medically, one can place no absolute vahie on either test 
negative or when considered singly. The exception, as is so often true m 
cine, warns us that a positive or negative finding alone Avithout corro ora 
substantiating findings for such a diagnosis Avould not justify definite cone usio 
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ill tile individual case. It iiuist also be remembered that all features of tubercu- 
lous allergy upon ■which the tuberculin test is based are not fully understood 
at the present time, altlioiigh dosage of tuberculin and the general physical 
condition of the patient are acknowledged factors in a positive determination in 
the presence of a positive allergic condition. 

Case 1. — Critical case of tuberculosis; active, and advanced cavitation. Tlip sputum 
smear was positive, the trausdcrnuil tost was negative, and an intradermal test (0.001 nig. 
tuberculin) gave a 2+ reaction within forty-eight hours. 

Case 2. — Serofibrinous pleuri.sy and multiple pulmonary cax'itie.*? with a negative sputum 
smear, a 1-}- intradermal tes-t (0.001 mg. tuberculin), and a negative transdermal test. 

Case 3. — Multiple pulmonary calcifications; sputum smear negative for acid-fast bacilli; 
intradermal test (both 0.001 and 0.005 mg tuberculin) negative; and the transdermal test 
was positive. 

C.VSE 4. — Asthmatic bronchitis and broiicliieolasis with a negative sputum for acid-fast 
bacilli and negative (both to O.OOl and 0.005 mg. fubetculin) intiadermal test; positive trans- 
dermal test. 

Case 5. — Left spontaneous hemopueumotliorax, negative sputum smear for acid-fast 
bacilli, negative (both to 0.001 and 0.003 nig. tuheiculin) intradermal tost; positive trans- 
dermal test. 

Case G. — Quiescent fibrous tuberculosis with a negative .sputum smeai, positive (3+ to 
0.001 mg. tuberculin) iutradernially, and a negative transdermal test. 

Case 7. — Bronchial asthma with a negative sputum, po.«ifive (1+ to 0.001 mg. tuberculin) 
intradermally; negative transdermal test. 

Case 8. — Chronic bronchiti.s with a negative sputum for acid-fast bacilli, negative 
(both to 0.001 and 0.003 mg. tuberculin) mtradermally: positive transdermal test. 

Case 9. — Left lower lobe bronchiectasis with a negative sputum smear, negative (both 
0.001 and 0.005 mg. tuberculin) iutradeiiiial test; po>itive tianNdeimal test. 

Ca.se 10.-— Chronic bionchitis (supposed heuiolytic S//r/i/ococciis! virufaus) with a neg- 
utive sputum smear and a negative (0.001 and 0.005 mg tubeiculin) intradermal test; positive 
transdermal test. 

Case 11,— Pulmonary fibrosis with a negative smear, negative concentration test, positive 
culture for tubercle bacilli, .a negative (0.001 and 0.005 mg tuberculin) intradermal test, 
and a positive transdermal test. 

Case 12. — Active tubeiculosis with c.avitation and a negative sputum smear, a positive 
(2+ with 0.001 mg, tubeiculin) intradermal test, and a negative transdermal test. 

Case 13. — Active tubeiculosis III C with a positive smear and positive intiadermal 
test (2-f- with 0.001 mg. tuberculin); .a negative fraiisdeimal test. 

Case 14. — Catarrhal bronchitis and bronchiectasis with a negative smear and negative 
intradermal test; a positive transdermal test. 

The foregoing disagreement in iiiidings brings out several important points 
witli regard to tuberculin tests. Even tliougli Itiglily specific, (1) these tubercu- 
lin tests arc conditioned by a number of important factors not always controll- 
able no matter which typo of test is used; and (2) tlie importance ot‘ repeating 
a test easily if necessity demands. For tliis purpose, the transdermal test 
possesses many advantages over any injection test. However, it must be ad- 
mitted that an intradermal test is wan-anted as a verification test at times, but 
the transdermal test appears to l)e preferable a.s a routine citlicr for diagnosis or 
surveys. 

Since it is duly recognized that no single biological test is infallible, a com- 
parison of the transdermal and intradennal tests was made on the basis of 
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tuberculous and nontubereulous cases (including tuberculous infection). There 
were 64 of the former and 39 of the latter. The transdermal tests were read 
only as positive, indicating a definite reaction, or negative. Gradings can be 
made, but they do not seem essential with the transdermal test because of the 
self-limited nature of the reaction. In comparison, the intradermal tests may 
range from questionable 1 pluses to violent and extensive 4 plus reactions. 
Even in the tuberculous, the transdermal reactions never assumed alarming 
proportions. 

Among the 64 tuberculous cases, 58 had a positive transdennal test ,and 62 
had a positive intradermal test. Nineteen of these 62 reactions were on tlie 
borderline 1+ reaction, 31 gave a 2+ reaction, 11 a 34- reaction, and 1 a 4f re- 
action. If we include all reactions from 1+ to 4+, only four more positive cases 
were noted with the intradermal than with the transdermal test. Since the ad- 
vanced condition in some of these cases would place them in the retarded ab- 
sorption class not requiring a tuberculin test for diagnosis, it is obvious the 
transdermal test closely approximates the intradermal test in the definitely 
tuberculous. 

Among the 39 nontubereulous eases (including those with possible tubercu- 
lous infection but no easily discernible disease), tlie transdermal test was posi- 
tive in 32, while the intradermal test was positive in 25 with the 0.001 rag. 
tuberculin, and in 27 with both the 0.001 and 0.005 mg. tuberculin. The graded 
reactions for the intradermal tests were ten l-f (1 with 0.005 mg. tuberculin)) 
twelve 2-t-, and five 3-1- (one with 0.005 mg. tuberculin). 

Again the comparisons of the positive reactions were fairly close for the 
two tests. Since the reaction of the transdermal test depends upon the same 
specific tuberculin or tuberculoprotein and since none of the other constituents 
of the preparation react in any way in either nontubereulous or tuberculous 
patients, it must be assumed that any positive reaction to the specific tubereulo- 
protein tuberculin is caused by tuberculous infection or the presence of tuber- 
culous (tuberculin) allergy in the sense that tuberculin elicits a response in the 
allergic hypei'sensitive organism. 


SUMMARY 

Comparison of the results of a transdermal tuberculin test (prepared fiom 
an autolytic tuberculin) and an intradermal test with a purified protein tubeicu 
lin (prepared from the same original bacillary cultures) on 103 patients le 
vealed a striking parallelism between the two tests. 

Among the 103 patients tested, 90 (87 per cent) were positive by the tians 
dermal test and 89 (86 per cent) by intradermal injection. Agreement between 
the two tests occurred in 82 of the positive tests. When considering 
definitely tuberculous cases tested, the agreement was 58 (90 per cent) foi 
transdermal and 62 (96 per cent) for the intradermal tests. The slight 
ferences were attributable to the transdermal absorption retardation m 
definitely ill eases. Among the 39 nontubereulous cases (including those u 
possible infection but no evident tuberculous disease), the agreement agam 
fairly close; 32 (82 per cent) reacted to the transdermal test as compare m 
27 (70 per cent) for the intradermal test. 
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It may be well to repeat here that the tuberculin test ranks among^ the 
best biologic diagnostic tests, not as an exclusive test but rather as an inclusive 
one to other verifying medical findings. It is valuable in specific surveys and 
as a diagnostic aid in tuberculosis and for the presence of the hypersensitivity 
of tuberculous allergy. 
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A MODIFIED TEST FOR THE DETECTION OF NITRATE REDUCTION* 


Elvyn G. Scott, M.T., and Edmond P. Finch, Jr., B.S.,t Wilmington, Del 


F or the past four decades the ability of bacteria to reduce nitrate has been 
an important characteristic in the identification of species. That the litera- 
ture as yet contains contradictory findings has been indicated by Tittsler' in 
two members of the Salmonella group, Zobell- in the Brucella group, and Eeed^ 
in the clostridia group. 

Conn,* in an evaluation of the nitrate reduction, has pointed out that sim- 
ple tests which give a positive reaction indicate that reduction has occurred, bat 
that to show that reduction does not occur is a complicated undertaking. In a 
test which is negative . for nitrite and shows no visible gas production, there 
occur a number of explanations. The nitrate may be rapidly reduced to nitrite 
(with no accumulation) and further reduced to ammonia; the ammonia may 
be reduced to nitrogen; in insufficient quantity to be detected; the nitrite or 
ammonia produced may be assimilated; there may be a temporary loss of the 
organism to reduce nitrate; or the medium may not be suited to the purpose 
of the test. ZobelF has shomi tliat, in a negative nitrite test, the addition of 
zinc dust will reduce the remaining nitrate to nitrite ; a repeated negative tffit 
indicating that nitrate. has been utilized and probably reduced, without nitrite 
accumulating. 

This paper concerns itself primarily with tlie detection of nitrite as evi- 
dence of bacterial reduction of nitrate and will attempt to show, by using a 
modification of Bratton and Marshall’s® technique for blood sulfonamide levels, 
a test of greater sensitivity and easier readability than those previously de- 
scribed by Wallace and Neave® and Tittsler.* 

The investigation was divided into two parts: (1) evaluation of the rela- 
tive sensitivities of the modified and sulfanilic acid tests by chemical means, 
and (2) evaluation of sensitivities and eailiest detectability by microbic means. 

reagents and culture media 
Sulfanilic Acid Test Reagent: 

Solution (a) Sulfanilic acid 

Dilute sulfuric acid (5 per cent by volume) 

Solution (b) Dimethyl-alpha-naphthylamine* 

Dilute acetic acid (30 per cent) 

To each test was added 0.5 c.c. of (a) followed by 0.5 c.e. of 
Readings were made at the end of fifteen minutes. 

These solutions keep for apparentty not more than one month at looni 
temperature. 

•From the Pathological Laboratory of the Delaware Hospital. 

Received for publication, Nov. 20. 1943. neral HosP**®*' 

tAt present Second Lieutenant, Sanitary Corps, A.U.S.. Valley Forge Ge 
Phoenixville, Pa. 


8 Gni. 
1,000 c.e. 

6 c.e. 
1,000 c.e. 
(b). 
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Modified Test Reagent: 

Solution (a) Sulfuiiilaiiiide* (saturated aqueous solution) 20 e.c. 

Trieliloracetie acid (15 per cent) 80 e.c. 

Solution (b) N-(l-naplitiiyl) etliylenedianiine^ 

diliydrocliloride 0.1 Gm. 

Distilled water 100 e.c. 

To each test was added 0.5 e.c. of (a) followed by 0.5 e.c. of (b). 

Readings were made immediately. 

These solutions apparently keej) indefinitely, at refrigerator temperature. 
Dunham’s Peptone Broth: 

Peptone (Difeo) 10 Gm. 

Sodium oldoride 5 Gm. 

Distilled water 1,000 c.c. 

No pH adjustment. 

The mediimi was tubed in G.O e.c. amounts, autoclaved at 121° C. for 
twenty miiuites. A sterile (Seitz-filtered) 1.2 per cent aqueous solu- 
tion of potassium nitrate (chemically inire nitrite-free) was added 
aseptieally, 0.1 c.c. per tube, giving a concentration of 0.02 per cent 
potassium nitrate. 

Tittsler’s Peptone Broth: 

Peptone (Difeo) 2 Gm. 

Potassium nitrate (chemically pure nitrite-free) 0.2 Gm. 

Distilled water 1,000 c.c. 

No pH adjustment. 

The medium was tubed and autoclaved as above, giving a concentration 
of 0.02 per cent potassium nitrate. 


E.XI'ERIilENTAI. 


(1) To evaluate the relative sensitivity of the tests and substances inter- 
fering with it, a fresldy prepared 0.1 per cent aqueous solution of sodium 
nitrite was prepared. Distilled water, 0.85 per cent sodium ■chloride, and the 
peptone broths previously described were used for subsequent dilutions. These 
dilutions, prepared in duplicate, were tested for the presence of nitrite by the 
addition of the modified and sulfanilic acid reagents, using 1.0 c.c., 0.5 e.c., and 
three drops of each solution. 

Maximum color development occurred immediately on the addition of 
solution (b) of the modified test, but required fifteen minutes standing after the 
addition of solution (b) of the sulfanilic acid test. The observed sensitivities, 
using a readily discernible end point (1+) and all three amounts of reagents, 
were; in the modified test, 1 part nitrite in 100,000 parts water; in the sul- 
fanilio acid test, 1 part nitrite in 1000 parts water; or an apparent one hun- 
dredfold sensitivity of the modified over the sulfanilic acid test. 


•DlmoUiyl-alpha'naphtliylaniJne from Eastman Tvodak Co., Rochester. N. 1.. N- 
<l-naphthyl) etliylenediamlne diliydrocliloride from I^aSIotte Chemical Products Co., Balti- 
more, Md. 

Sulfanilamide was selected because of its relative cheapness. 
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Dilutions prepared in 0.85 per cent NaCl solution gave essentially the same 
results. 

Dilutions were then prepared, using as diluents the culture media described 
and the test reagents added as before. 

Table I 


DILUTION PREPARED IN DISTILLED W.VTEB 


CONC. OF NaNOs 1 

^ MODIFIED j 

1 SULF^UJILIC ACID 

1 c.c. 


3 drops 

1 c.c. 


3 drops 

1:100 

4+ 


4+ 

3+ 

.3+ 

3+ 

1 : 1,000 

•U- 

4+ 

4+ 

1+ 

1+ 

1+ 

1:10,000 

3+ 

3+ 

3+ 

0 

0 

0 

1:100,000 

1+ 

1+ 

1+ •• 

0 

0 

0 

1:1,000,000 

+ 


+ 

0 

0 

0 

1:10,000,000 

0 


0 

0 

0 

0 


4+ = maximum color developed (deep purplish red), 

3+^1 

2+ I — varying degrees of color density, from a 4+ through a faint, although discernible, 

1 + I pink (±). 

Here, it udll be observed (Table IT), the presence of peptone appreciably 
reduced the sensitivitj" of both tests. Using the same end point as in Table I it 
will be noted that the modified test gave only a 1 ;10,000 sensitivit}’-, using Dim- 
ham ’s broth and 0.5 c.c. of each solution, as compared to a 1:1000 sensitivity 
ivith the sulfanilic acid test. This is perhaps not so striking in the dilutions with 
Tittsler’s broth, which contains only one-fifth the amount of peptone. It was 
also noted that in using three drops of solutions (a) and (b) of the modified 
test, a deep reddish amber color was produced, entirely different in shade from 
all other eoloi’s developed. For this reason, the amounts of each test solution 
to be used in subsequent experiments was arbitrarily set at 0.5 c.c. 

(2) To evaluate the relative sensitivities of the two tests by microbie means 
the following procedures were carried out : 

Stock cultures of nine knowui positive and negative nitrate-reducing organ- 
isms were selected from the stock culture collection, plated for pui'ity, and 
transferred on nutrient agar slants for three successive days. These growths 
were then suspended in 0.85 per cent NaCl solution, their densities adjusted 
to a BaSoi standard No. 3, and 0.1 c.c. of each suspension was added as an 
inoculum to a series of tubes containing Dunham’s broth + ICNOs and Tittsler s 
broth. 

These were then incubated at 37° C. and tested for the presence of nitrite 
by the addition of 0.5 e.c. of each of the solutions previously described, at intei- 
vals of 4, 8, 12, 24, 48, and 72 houi-s after inoculation. 

It will be noted (Table HI) that although Dunham’s broth + KNO 3 ga^i'e a 
more rapid and luxuriant growth (probably because of the increased concen- 
tration of peptone), this factor did not appreciably enhance the early detection 
of nitrite -with either test. The nitrite-positive organisms rapidly reduced tm 
nitrate present, and, in one instance {Escherichia coli), produced a confusing 
color reaction. 

In our opinion, Tittsler’s broth was the superior medium. It readily^ sup 
ported gro\vth of all the test organisms used; a clear and maximum color pi^^ 
duction OTth both tests was noted in the usual period of incubation (12 to - 
hours), and confusing color reactions were absent. 
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As a wliole, the modified test gave an average increase of two-plus in color 
'Jensity over the sulfanilie acid test. 

SUMMARY 

A modified test for the detection of nitrite as an indicator of bacterial 
reduction of nitrate was descz’ibed, based on the color produced by sulfanila- 
mide and coupling reagent in the presence of nitrite. 

The modified and sulfanilie acid tests u'cre compared in relation to their 
jensitivity, ease of reading, and effect of interfering substances. 

The nitrate-reducing ability of a group of pathogenic bacteria was evalu- 
ited, using Dunham’s and Titfsler’s peptone brotJis and the modified and sul- 
fanilic acid tests. 

It is believed that the nitrite test in present use is capable of improvement, 
md the modified test is presented here as a suggested step in that direction. 

While the investigation was limited to human pathogens that grew well in 
iquid peptone media, tliere is little doubt that the modified test could be ap- 
"'olied as well to saprophytes and plant parasites which grow poorly in such 
: nedia. 
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A SIMPLE ELECTRON TUBE DROP RECORDER* 


Robert V. Brown, Ph.D., Elwin J. 0 ’Brien, M.S., and 
Charles W. Rook, B.S., Grand Porks, N. D. 


T here ai-e a number of drop recorders on, the market, and several others 
have been described in the literature or at various meetings. These re- 
corders ai-e expensive, difficult to adjust, and are frequently unreliable. 

The recorder shown in the diagrams is inexpensive, easy to use, operates 
on ordinal^ lighting circuits, is not affected by radiant heat, does not require 
suction, and has only one moving part. In extensive use it has given satisfae- 
toiy seiwiee over many hours without attention. As drawn, it will record drops 
of any solution having as good conductivity as distilled water at any rate of 
di’op formation up to fusion of the drops into a stead}’' stream ; at this rate it 
necessarily fails. 

The wiring diagram for the essential element, a radio receiving tube (No. 
117N7GT), is showm in Pig. 1. Por solutions of poor conductivity the bias of 
six megohms is necessary ; for physiologic secretions the bias may be as low as 
0.5 to 1.0 megohms. The condenser is an ordinary electrolytic one of 16 micro- 
farads capacity. The power source is the usrral 110-120 volt lighting circuit, 
either alteimating or direct current. On direct cuiTent, polarity is important: 
if the tube fails with the plug in one position, reversal of the plug is neces- 
sai’y ; no damage is caused by the failure to plug in coiTCctly. 

The insert in the first figure shows the simplest type of dropper to con- 
struct; simplicity of constinction is gained at the expense of convenience ni 
use. In Pig. 2 is showm a far more convenient dropper which is a trifle more 
difficult to constnict, but which repays in convenience many times over. The 
current floiving through the dropper, with good metallic contact, is in the order 
of not over two microamperes; when the circuit is through a solution acio^ 
the contacts, the higher resistance still further reduces the current. With sue 
negligible current, electrolysis of the dropper parts is absent and base me 
are used in their construction. We have found that any hypodermic needle o 
the luer slip type makes a good dropper. The needle is first bent at 90 7 

inserting the cleaning stylus, then by heating and bending. By having se\ 
eral gauges of needles available, the drop size can be easily regulated. 

The actual record of the drops is traced on a kymograph by a -^vriting t'P 
cemented onto the armature of a telephone line relay,! w’hieh acts here ^ 
signal magnet. The armature of the relay is the only moving part of the ro 
recorder. 

‘From the University of North Dakota, Departments of Physioloev ‘wd Phannac 
and Electrical Engineering. 

Received for publication, Nov. 22, 1943. 

•{■Western Electric Company, code number E-165. 

410 



mowx ET AL. ; SI-MPLE ELECTKOJf TUBE DROP RECORDER 


411 



TO OROPPOt 


TO SIGNAL 
MAGNET 
25 MA. 


I-NO CONNECTION 
3-PLATE 
5-SCREEN GRID 
7-PLATE 
R-5000 OHMS 


2-HEATER 
4-CONTROL GRID 
6-CATHODE 
a-CATHODE 
Rj6 MEGOHM 5 


CONDENSER-16 MFD 
TUBE' II7N7GT 


SEALING WAX--, 

ssossBSz:; I 

WIRE 


IwiTfti. mn. 


3^ 


Fig. 1.— Wiring Oiagrnni for drop recorder. 


terminal 



Fie- 2- — Drot/per for drop recorder. 
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In use, the desired duet is cannulated. To the cannula one end of a rubber 
tube is attached ; the other end is slipped over a hose-to-luer slip needle adajjter.* 
The adapter is then slipped into an identical adapter permanentl}' mounted in 
the dropper. Onto the other end of the mounted adapter is slipped the bent 
hypodermic needle. Air in the rubber tube is displaced through the assembly 
by injecting saline solution into the tubing with a syi’inge, the needle being 
inserted into the lumen of the tube as near the cannula as possible. 

The only failure of the appai-atus occurred while recording the flow of very 
viscous bile : a thread of bile remained spanning the gap of the dropper, com- 
pleting the circuit and holding the armature dowm. This condition is easily 
remedied by increasing the distance between the metal rod and the needle, or, 
if desired, a U-tube of saline solution may be inserted behind the dropper, with 
the secretion displacing the saline solution through the dropper. 


•Becton, Dickinson, and Co., No. H/L/L. 



METHOD TO DETERMINE THE EENETRATING POWER OF 
GERMICIDES" 


P. J. VON Gutfeld, M.I)., Richmond, V.v. 


I T HAS been pointed out repeatedly lliat a ftcrmicidet must have tlie power 
to penetrate different kinds of substances (living tissues, inueus, many kinds 
of inanimate material) in order to get in eonlaet witli tlic germs to be killed, 
since these very often are embedded in sueh substances, and accordingly, are 
more or less protected against the killing power of the germieided''^ This fact 
has been expressed lately by P. C. Brown and E. E. Reid: “Obviously steriliza- 
tion cannot extend beyond the zone of penetration.'’’ 

The interposition of a layer which separates the germicide from the micro- 
orgauisuvs inhibits the killing power in several ways; (a) The separating 
substance alterates the germicide chemically; (h) it adsorbs the germicide 
physically (Effront®). These possibilities may occur singly or combined. Their 
aotion diverts the germicide from its object, the germs to be killed. This effect 
could be designated as deviation, (c) The necessity to penetrate the separating 
layer reguiros time. The length of this period is influenced by the material 
of the separating layer, its thickness, the kind of the germicide, temperature, 
etc. 

Although the necessity of testing the penetrating power of germicides has 
been acknowledged, only few attempts have been made to obtain experimental 
data. 

Lubenau” in 1907 used little hornsticlts, 2 to 3 mm. iu diameter, which were 
allowed to imbibe a bacterial suspension. After drying, the infected hornsticUs 
were tested against different disinfectants. In 1929 Luhenau again published 
his method.'" The use of horn as a biologic material seems to be justifiable. 
However, the method gives no disclosure about the distance penetrated by the 
disinfeetant iu a given period. 

A method for determining the germicidal value and the penetrating power 
of liquid disinfectants was established by Kendall and Edwards." Coli-infeeted 
agar cylinders, 15 mm. in diameter, were suhinerged in the disinfectant, then 
washed with sterile water. Prom the center of tlie cylinder a core of 3 mm. 
diameter was removed and transferred into lactose fermentation tubes. This 
method is not only complicated, but introduces several sources of error (vou 
Gutfeld and Gurwitz"). Furthermore, tlie procedure can he used for a limited 
variety of germs only. 

The well-known eup-plate method by L. C, Himebaugh, as described in 
circular No. 198 of the U. S. Department of Agriculture, seems to solve the 

•From Uio Deoartment ot BaolerioloEy and Parasitotoss’, Medical CoUece ot VIrelnia. 
Richmond, Va- ’ 

Presented m part at the niectlne of the Virginia Branch of the Society ot American 
Bacteriologists. Nov. 14, 1942. 

Received for publication, Nov. 29, 1943. , , , , . 

tThc expression germicide comprises fungicidal, bactericidal, and viricidal agents. 
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problem of measuring the penetration of different kinds of germicides!^ How- 
ever, the “sterile” zone around the cup must be tested, whether the emptiness 
of this area is due to a bactericidal or a bacteriostatic action: “the agar in the 
clear zone may be tested for growth by subculture in broth. The necessary 
transfer of small pieces of agar, cut from various sites of the sterile zone, in- 
volves sources of error and is rather cumbersome. Besides, the following criti- 
cism may be mentioned. 

In the cup-plate method the clear zone. around the cup is supposed to in- 
dicate how far the chemical penetrated the nutrient medium in the horizontal 
direction. If, for example, the cup is of 15 mm. diameter and the clear area 
33 mm. in diameter, the conclusion would be that the chemical was still active 
after penetrating 9 mm. of the nutrient medium. This conclusion is not neces- 
sarily' correct. It could happen that the active .substance “migrated” by 
capillarity’^ over the surface of the nutrient medium for that distance, and pene- 
trated only' the thickness of the nutrient medium from the surface donmward. 
If 15 c.e. of the nutrient medium had been poured into the Petri dish of 9 cm. 
diameter, the agar lay'er woidd be ca. 2.4 mm. thick. This would mean tliat 
the penetrated stratum was not 9 mm., but 2.4 mm. only'. 

In the beginning of the penetration experiments* the attempt was made to 
apply a “coating” to infected dried cotton strings. This technique proved to 
lie of no avail since it was impossible to produce a flawless coating on the neces- 
sary number of strings. Finally the following technique was found satisfactory: 
Cotton strings, ea. 15 mm. long, ca. 1 mm. thick, were sterilized, infected, and 
dried. Ten c.c. of agar were poured into a sterile Petri dish. After the agar 
had hardened, the infected strings were laid on the surface of the agar, and 10 
to 15 c.c. of agar (45° C.) poured over the strings. The strings now were em- 
bedded. After hardening of the covering layer, the germicide was poured on 
top of it. After varied periods of time a string was removed, thoroughly rinsed 
with sterile water, and transferred to a suitable nutrient medium. 

It may be pointed out that the description of the method given above con- 
stitutes only an outline. Cotton strings with dried adherent germs are an ex- 
ample for the carrier. Instead of cotton strings any other suitable carrier may 
be used.“ The germs may' be fungi, bacteria with or ^vithout .spores, or vira ; 
either in pure cultures or in combinations. The embedding substance allows 
variations of the material (agar, gelatin, etc., with or without additions), ot 
its concentration, and of the thickness of the covei’ing lav'er. Different germi- 
cides may be used in various amounts and concentrations. Finally' the tem- 
perature at which the test is performed can be varied. 

The method may' tentatively' be named technique of “embedded germ eai 
riers.” It simulates natural conditions insofar as the germicide has to pc’'® 
trate a covering lay'er whereby deviation may' or may' not take place. 

Experiment 1 . — Sterilized cotton strings were infected with a 
of Escherichia coli and dried in the incubator. Ten c.c. of sterile 3 pel c 
gelatin is poured into a sterile Petri dish. After the gelatin has soli ^ 
the refrigerator, coli-infected strings are laid on the surface of the ge a 

^he first e-xperiments were performed with the assistance of Mr. L. G. Ma>. 
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Of the same 3 per cent gelatin, 15 c.c. are poured over the strings, wherebj'- a 
covering layer of about 2.4 mm. is produced. The Petri dish with the embedded 
strings and another Petri dish containing coli-infected strings only (in tiie fol- 
lowing tables referred to as ‘'direct*') are placed in the refrigerator (tem- 
perature ea. +10° C,). After solidification of the covering layer of gelatin, a 
solution of phenol 1:100 in tap water is poured over the covering gelatin as well 
as over the strings in the other Petri dish- After varied periods of time one 
string from each series is removed, rinsed with sterile water, transferred to a 
test tube containing 5 c.c. of 1 per cent peptone water, and inenbated at 37° 
C. The viability of the bacteria on dried control strings was tested before the 
start and after the end of the experiment: Both tests showed that the bacteria 
were alive and able to multiply.* The results of this experiment are given in 
Table I. 

TABLt I 


REitOVED APTER 

.10 MIM, 

4 lift. 

23 !IE. 1 

1 PAVS 

1 23456789 

10 lot 

EmbtHldcd strings 

Direct * 

+ 

+ 

+ 

+ 

1 ++++++++ 

1 -0000000 

+ + 

0 0 


Conti'ol start: + ♦ = growth of E- coh, identified by subculture. 

Control end : + - =s sterile 


0 = not (lone 

1 (li.<tcontinueJ after IS days 

The expoi'itnont demonstrates that it took more than 15 days for the pene- 
tration of the 1 per cent plienol solution through a layer of 3 per cent gelatin 
ca. 2.4 mm. thick at a temperature of ca. +10° C. By direct contact the same 
phenol solution killed the bacteria after more than 4, but le.ss than 23 hours. 

The same day aiiothor “direct” e.vperiment was carried out at room tem- 
perature (ca. 28° C.). Here the colon bacilli were killed within 25 minutes. 

The influence of the temperature on the disinfecting piocess is well known, 
and the slowing effect of the gelatin layer is not surprising. This retarding 
action may he caused by two different actions: the deviation of the germicide 
and the necessity to penetrate the gelatin. 

The deviating action of gelatin on phenol couM be demonstrated by the 
following experiments. 

Experiment 3. — Coli-infected, dried cotton strings were exposed to the 
action of 1 per cent phenol in presence and in absence of gelatin respectively. 

Over infected strings in separate Petri dishes were poured ; 

(a) 18 c.c. phenol (1:90) + 3 c.c. 3 percent gelatin, and 

(b) 20 c.c. phenol (1:100). 

The experiment was carried out in the refrigerator ( ca. +10° C. ) . Under 
these conditions the 1 per cent phenol killed tlie colon bacilli rvithiu 10 hour’s; 
addition of 0.3 per cent gelatin prolonged the killing time up to more than 23 
(less than 26) hours. 

Experiment 3. — CoU-infeotod di’ied cotton strings were treated with: 

(a) 8 c.c. phenol (2 per cent) + 8 c.e. 6 per cent gelatin = 1 per cent 
phenol, 3 per cent gelatin, and 

•These controls were performed »n all our experiments and will bo mentioned as “control 
start” and “eonttol end." 
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(b) 8 c.e. phenol (2 per cent) + 8 e.e. sterile water = 1 per cent phenol. 

Immediately after (a) and (b) have been prepared, the two liquids are 
poured over the strings in separate Petri dishes. The experiment wa.s carried 
out in duplicate at room temperature (+27° 0.). The results are given in 
Table II. 

The results of the duplicated experiment were identical ; all results were 
confirmed by subculturing. 

The presence of gelatin increased the time necessary to kill the bacteria 
considerably, and so demonstrates its “deviating” effect. 

The influence of the concentration of the disinfectant was tested in the 
following experiment. 

Experiment 4. — Coli-infeeted cotton strings were embedded in 1 per cent 
agar; the covering layer is ea. 2.4 mm. thick. The technique of embedding has 
been described in Experiment 1. One batch of embedded strings is treated with 
1 per cent phenol, another batch with 2 per cent phenol. The results of this 
experiment, which was perfonned at room temperature (28° C.) are given m 
Table III. 


Table II 





MINUTES 


2 

5 

10 20 

3 0 4 5 60 00__ 

1 per cent phenol + 3 per cent gelatin 

+ 

+ 

+ + 

+ + - - 

1 per cent phenol 

+ 

+ 

- 

- “ " . 


Control start : + Control end : + 


Table III 



COIil NOT YET KILLED AFTER 

COLI KILLED AFTER 

1 per cent phenol 

55- hours 

60 hours 

2 per cent phenol 

4 hours 

S hours 


Control start : + Control end : + 


The increase in concentration shortens the time necessary to penetrate the 
covering layer and to kill the germs noticeably. 

It seemed worthwhile to examine the effect of substances added to the gel 
on the penetrability of the mixture. 

Experiment 5. — Coli-infected cotton strings were embedded in : 

(a) 3 per cent gelatin, and 

(b) 3 per cent gelatin in which 0.2 per cent lecithin (‘•’practical,” E®*!' 
man Kodak) was dissolved. The covering layer was ea. 2.4 mm. thick, w' 
germicide was 1 per cent phenol, the temperature +10° C. At the same time 
infected strings were directly treated with 1 per cent phenol hi the refrigeiari* 
(+10° C.). The results are given in Table IV. 

The addition of lecithin enlianced the penetrating power of the dism 
fectant. _ . 

In order to demonstrate the feasibility of the embedding method in tes i 
fungicides the following experiment was performed. 

Experiment 6 . — Cotton strings were infected with Trichophyton 
according to our formerly described method.^'* One series of these 'series 

bedded in 1 per cent agar; the covering layer is ea. 2.4 mm. thick. ■ 
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k treated with zcidiiran, juiucous solution 1:1,000. At the same time another 
series of the same batch of i?ifected strin{r.s i.s treated directly with zephiran, 
aqueous solution 1:5,000. Both series are kept at room temperature. The ex- 
periment is performed in duplicate. It was necessary to dilute the zephiran for 
the direct treatment, since preliminary experiments with dilutions 1:1,000 and 
1:2,000 respectively had shown that thc.se eoneentratioiis killed the fungus 
within two to five minutes. Table V demonstrates the results. 


Table IV 



iIOUB.S 1 

DAYS 

2 5 7 13 24 28 31 , 

2 3 4 5 (> 7 

Embedded in 3 per cent gelatin 

Embedded in. 3 per cent gelatin eontaining 
0.3 per cent leeitliin 

Direct 

4 + 4 + + 4 j 

+ + + + + + + 1 

1 

+ + + + ■■ ~ - 

-!• + + + + + 

+ + + + + ->- 

1 0 0 0 0 0 0 

i 

D.VYS 

Embedded in 3 per rent gelatin 1 

Embedded in 3 per cent gelatin containing| 
0.2 per cent leeitliin ' 

8 9 11 12 13 14 15 

+ + + + + + -(• + 

+ + 

Control stait- + Control end. + 


r = growth of E. coli, Jdeiitifled by subculture 
• =: sterile 0 s not done f discontinued after IS days 

Table V 


j 

1 

1 itIXUTE.S 

1 0OD&S 1 

DAYS 

2 5 10 20 35 


2 3 4 5 0 7 8} 

Embedded, zephiran 1:1,000 1 

Direct, zephiran 1 :5,000 

+• + + + + 

+ + + + - 

t + + + i 
1 - 0 0 1 

+ + + + + + + 

0 0 0 0 0 0 0 


Control start: + Control end; + 

+ = growth - = sterile 0 = not done t discontinued after S days 


While in tlie direct experiment the dilution 1:5,000 killed the fungus within 
35 minutes, tlie embedded fungus proved to be viable yet after S days though 
the fivefold concentration of tiie germicide was applied. The duplicate ex- 
periment yielded similar results. 

This experiment may have practical applications, as it demonstrates how 
different it is, whether the fungicide can act directly on the causative agent of 
athlete’s foot or whether it lias to penetrate a layer which separates it from the 
fungus. 

It may be mentioned that in expei'imcuts with fungi as well as with bac- 
teria some species of microorganisms exhibited peculiarities of growtli after 
having been exposed to the action of a germicide: such as lack of surface growth 
or delayed surface growth (^Trichophyton gypscum), formation of a thick 
pellicle (Escherichia coli), delayed pigment formation (Pseudomonas aeru- 
ginosa). In every instance of such an event the identity of the surviving germs 
has been verified by subcultures. The causes and oonditioirs of these phenomena 
are under investigation, and the results will he published in due time. 

The described e.xperimenfs have been chosen to demonstrate the method 
and its po.ssibiIitics. 

Other experiments have been performed, whereby the different factors 
(kind of germs, medium to be penetrated, etc.) Iiave been varied. Although 
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we did not try the method on vira, we may assume that the procedure is suit- 
able for testing the penetrating power of viricidal agents. It is furthermore 
evident that not only liquid germicides but solid (powders) and semisolid 
(e.g., ointments) disinfectants can be examined as well. Finally it might be 
mentioned that the method can be adapted for gaseous germicides. 


SUMMARY 

The necessity of testing the penetrating power of germicides has been 
stressed repeatedljL The existing methods have limited fields of application. 
A new method is here described. It can be practiced with different lands of 
germs (fungi, bacteria, vira) either in pure cultures or in mixtures. The sub- 
stance to be penetrated can be modified as to material and concentration. 
Furthermore, the penetrated distance can be appraised, and the temperature 
can be varied. All kinds of germicides (liquid, solid, gaseous) can be tested. 
The technique takes into account the retarding effects of deviation and pene- 
tration at the same time, simulating hereby natural conditions. As a tentative 
name, "method of the embedded germ carriers” is suggested. 
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THE USE OF THE ALBINO RAT IN THE PREGNANCY 
HORirONE TEST* 


Thomas L. Ramsey, M.D., Alpons P, Fai>kenstein, 
AND Eugene J. Sujkowski, Toledo, Ohio 


' I ^HE original Ascliheim-Zondek Test, in whicli five immature female mice, 
1 three to four weeks old, were utilized for the diagnosis of pregnancy was 
soon replaced by other tests to simplify the procedure. The best-kno^vn and 
most widely used modification at the present time is that of Friedman using 
rabbits. Jlost laboratories have become so accustomed to this modification that 
it is difficult to replace tlie use of rabbits with other test animals. 

The animals which give the most reliable results are the young immature 
female albino rat or allied strains such as the black-white hooded rat, and the 
South African frog (Xeuopus hievis). The method using the frog is rapid, but 
requires special attention and observation; also this special frog is difficult to 
obtain at the present time. 

Rats have been used for tlie iiregnaney hormone test since 1929, Trivino 
cited by Eberson and Silverberg.* In 1938, Walker and Walker' published an 
article in which they modified the test and reduced the time for obseiwation 
and diagnosis to thirty hours. They injected V/j c.c. of urine three times dur- 
ing one day and autopsied the animals about thirty hours after the first injec- 
tion. Later Prank and Beman,® also Kelso,* published reports on a twenty- 
four-hour modification for the diagnosis of pregnancy. Kelso also modified his 
procedure ; this enabled liim to read the results eight hours following the injec- 
tion of 5 c.c. of urine. Salmon and co-workers^ recently reported a modification 
reducing the time to six liours. AU these authors report between 97 and 100 
per cent accurate results in their series of experiments. 

It is the purpose of this paper to demonstrate that this test in rats is only 
reliable if used with caution by experienced personnel and after allowing suffi- 
cient time to elapse between the injection and the autopsy. 

Changes Seen in the' Rat Ovaries . — Previous authors give detail descrip- 
tion of the appearance of the ovaries following injection of the urine in nega- 
tive and positive cases. In negative cases the ovarie.s do not respond to the 
injected urine and remain small and are cream-colored or pink (Fig. lA). Color- 
less follicles may be noted, but these are, according to some authors,'’ ' of no 
significance and are considered negative. A positive reaction is characterized 
by enlargement of the ovaries and marked hyperemia. The ovaries then show 

•From the Department of Paliio!og>*. St Vincent’s Hospital. 

Received for publication. Jan. 10. 1944. 

Since sending In our paper for publication we have been trj'ing out injecting the extract 
of the gonadotropic hormone lit the urine obtained according to the method of Crew. The 
jletailg of this method .ire given In an article published by Welsman and co-workers: The Frog 
Test (Xenopus Laevis) as a Rapid Diagnostic Test for Pregnancy. 

Reference: Welsman, Abner I.. Snyder, Arnold F., and Coates, Christopher W. : Am. 

J- Obst. & Gynec. 43: 135. 1942. 

We are not as yet ready to submit our results, but we feel that the use of the concen- 
trated hormone in tlie urine is of definite advantage. 


419 



420 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


a deep red color (Fig. IG). Occasionally hemorrhagic follicles are seen, but 
it is commonly agreed that this finding is not necessary to determine a posi- 
tive reaction. Kelso believes that the development of hemorrhagic follicle.s 
is only an indication of a stronger reaction. According to Salmon and his co- 
workers, so-called borderline reactions may occur. Unfortunately this tenn is 
not clearly explained lij" tlie authors. We assume therefore that they think of 
a borderline reaction when there is a simple hyperemia of tlie ovaries, probably 
without enlargement. It is conceivable that such a reaction may cause confusion 
and lead to a misinterpretation of the results of the test. We have encountered 
indefinite reactions in our series of injections (Pig. IB). This problem will 
therefore be discussed later in this paper. 


EXPERIMENTAL STUDIES AND RESULTS 


Our experimental study of 100 eases of suspected pregnancy was dirnded 
into two groups. Altogether 155 rats were injected. In the first group, two 
to five animals were given one injection each, with 4 c.c. of urine from the same 
specimen, and the results were read after two, four, six, eighteen, and twenty- 
four hours. In the second group the rats were given three injections of 2 c.c. 
of urine each, according to the method of AValker and Walker using only one 
animal per test. The results in the rats were observed before control tests using 
rabbits were performed. The ovaries of the rabbits were then inspected to a.s- 
sure definite orientation as to the reliability of the test in rats. The results are 
summarized in Chart 1. 

Discussion of Eesults. (Chart 1.) — ^The results in our .series reveal several 
interesting facts. While the inspection of the ovaries six hours after injection 
of urine gave about 96.5 per cent reliable results, inspection two to four houm 
after injection gave unreliable readings in a large number of cases. These 
readings were mostly negative or indefinite reactions showng slight hyperemia 
but no definite enlargement. Some of the reactions were definitely positive, the 
ovaries being enlarged and presenting the typical deep red color. When lots 
injected with the same unne from the positive case were killed after six lo 
eighteen hours, the results were positive in some of those which gave negatue 
results after two to four hours. Some of the rats showing indefinite reactions 
after two to four hours were found later to be either positive or negative, ua . 
the typical positive reactions found two to four hours after injection coin a 
wajm be confinned as positive after six hours. All of the injections were con 
firmed by injecting control rabbits. Cases in which there was disagreenien^ 
between the results in rabbits and those in rats were analyzed concerning 


clinical history. 

The second group of rats which received three injections of 2 c.c. of la”’ 
each and which were autopsied thirty hours after the first injection 
reliable results in all rats injected. This procedure seems to be the 
the beginner until he has become familiar with the typical reactions. 
est are those eases in which there was disagreement between tlie results m 
and in rabbits. In six cases rats showed positive ovaries while tlie 
the rabbits were negative. Investigation of the clinical history in these o 
revealed that we were dealing wdth cases of earty pregnancy. Fiom a 
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cases a second specimen was obtained seven to ten days later. The control rab- 
bits then injected with these urines gave positive reactions. 

In seven eases the rats were negative, while the injected rabbits showed 
positive reactions. Cheeking these cases revealed that none of the women were 
pregnant. We were dealing therefore with false positive reactions in rabbits. 
It is generally believed that these false positive results in rabbits are due to 
improper segregation and overage of the animals ; however, experience has shown 
that even with preliminary operative inspection of the ovaries, occasionally false 
reactions are observed. Especially’- interesting in this respect is the report of 
Davy and Sevringhaus,’ -who encountered a relatively large margin of error 
when the mature female rabbit test was used. These authors point out all the 
conditions which may’- lead to false negative and false positive results and come 
to the conclusion that false positive results are rather rare when the immature 
female rat or rabbit is used and that false negative results are less frequently 

RESULTS OBTflIDED 

JT ST. vmSNT'S XOSPITJL. TOISDO, OUlO. 

mNE SPECIMENS EXAMINED FOR SUSPECTED PREGNANCY 
USING RATS AND CHECKED lY RABBIT INJECTION 100 


URINE POSITIVE IN RATS AND RABBITS 56 

URINE NEGATIVE IN RATS AND RABBITS 3/ 


DISAGREEMENT IN RESULTS IN RATS AND RABBITS. 13 

EXPLANATION OF DISAGREEMENT IN RESULTS 

EARLY PREGNANCY SIX CASES. RATS (*), RABBITS (-). 

THIS WAS CHECKED BY INJECTION OF RABBITS TWO WEEKS 
AHER FIRST TEST. RABBIT THEN POSITIVE. 

FALSE POSITIVE RABBITS SEVEN CASES. RATS (-), RABBITS (*}. 
THESE FALSE POSITIVE FINDINGS IN RABBITS DUE TO 
IMPROPER SEGREGATION OR OVER AGE OF RABBITS 
PURCHASED FROM UNRELIABLE DEALERS. 

COULD BE AVOIDED BY PRELIMINARY OPERATIVE 
INSPECTION OF RABBITS. 

RESULTS OBTAINED jtS OBSERVED IN DIFFERENT TIME 
INTERVALS. 

RATS INJECTED 155 

14 AFTER 2 HOURS NO DIAGNOSIS POSSIBLE S 

22 AFTER 4 HOURS NO DIAGNOSIS POSSIBLE. ^ 

23 AFTER 6 HOURS NO DIAGNOSIS POSSIBLE I 

46 AFTER 18 to 24 HOURS DIAGNOSIS POSSIBLE. -^6 

45 AFTER 36 HOURS DIAGNOSIS POSSIBLE 45 


Chart 1. 

seen in rats in cases of early^ pregnancy. Our results confinn the findings 
these authoi-s. We cannot emphasize strongly enough, however, that con 
able experience is necessary' in reading the results of the tests in lats. 
extremely' safe technique must be applied, and in all doubtful eases the I's 
should be analyzed and the test repeated. 

Occasionally indefinite reactions -were encountered in the form o = ^ 
hyperemia, but by keeping to the rule that positive reactions show a 
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liyperemia and enlargement and that the hyperemia is of a deep red color and 
that negative reactions do not show the marked hyperemia or eidai'gcment, also 
hy injecting another lest animal ■whenever in douJit, seldom a diagnosis was made 
contrary to a control test in rabbits. We have kept to this routine in all addi- 
tional eases wliicli wc have observed subsequent to tliis primaiy study. In the 
later cases rabbits were not available for clieekiiig all our results, but we have 
encountered only an occasional difficulty. Checking the history in these few 
cases giving indefinite reactions, we obtain the impression tliat uncertain reac- 
tions may occur when fetal or maternal pathology' is present. Tliese instances 
are the exception rather than the rule, and in general the results obtained are 
satisfaetoiy. We repeat the test whenever we are m doubt or whenever the 
slightest suggestion is made by the clinician that there might be some discrepancy 
between our findings and tlic clinical diagnosis Injection of another animal after 
a few days as a nde gives definite orientation whether pregnancy exists or not. 

ADVANTAGES AND D1SADV.\NTAGES 

The results just described and analyzed confirm the opinion that the rat is 
a suitable animal to re])lace the rabbit and that erroi's in diagnosis are few. In 
addition, the test consumes less time (six to thirty hours). The cost of the ani- 
mal is much less. The rat can tolerate relatively more urine, and detoxification 
is not as essential. Prom our 155 rat.s only one animal (% poT cent) died fol- 
lowing injection, while from 100 rabbits three animals (3 per cent) died. The 
greatest disadvantage is based on the fact that one mast become familiar with 
the typical negative and the typical positive reaction Caution must be taken 
that a slight liypercmia is not interpreted as a positive reaction. The age of 
the rats is limited to from twenty-two to forty days. Pi’oper selection of tlie 
female animal for the tost is necessary. Careful obsen'ation of the animals 
during tlie time of mating and breeding is essential, and coiTect records must be 
kept, when a rat colony i.s .started. (Rat Record Sheet. Chart 2.) 

RECOM3IENDATIONS FOR THE USE OF RATS IN THE PREGNANCY HORMONE TEST 

Realizing that it is extremely difficult to replace a well-established method 
with another less knonai procediu’c, hut considering the scarcity of rabbits in 
many areas of the countrj’, we could not consider this paper to be complete 
without giving some suggestions concerning the technique, possible errors, and 
the source of the animals. 

I. Technique (Fig, 2 ). — Tlie principal steps of the technique are shonm in 
Pigs. 2 and 3. These need no further explanations Before injecting the 
animal, however, one should make certain that a female animal is injected. 
Pig. 3 shows the differentiation between the male and female animal. 

In regard to the injection of the urine, we usually give one injection of 
4 e.c. and perform the autopsy at any time between six and eighteen hour’s, 
following the injection. Iir .some cases we use a slight modification of Walker 
and Walker’s method using two injections of 2 e.c. of urine on one day and 
anotlier injection of 2 e.e. the following morning. The animal is then autopsied 
six hours after the last injection. This procedure, however, requires more time, 
and if one is desirous of an early diagnosis, tlie one injection mctliod using 
4 e.c. is satisfactory. 
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As a rule we use one animal for each test. When uncertain reactions occur, 
the test is repeated. In any ea.se we consider one injection of 2 c.e. of uriiie 
not sufficient to be reliable. 

2. Sources of Errors . — Unreliable results are mostly due to negligence in 
performing the test and to improper reading of the results in the ovaiies. 
These mistakes can be prevented. False negative or positive reactions due to 
pathologic conditions in the pregnant or nonpregnant women camiot he pre- 
vented, but an analysis of the clinical liistories in these cases somewhat elimi- 
nates a wrong conclusion. In order to eliminate preventable errors as uiucli 
as possible, the sources of these errors are discussed here briefly: 


RAT CAGE -RECORD SHEET 

ST. VIHCEKT'S HOSPITAL TOLEDO 7, OHIO 

SMALL RAT COLONY 

CHART 2 



REMARKS: 


DIETARY REQUIREMENTS: 

Chart 2. 

A. The Urine . — The specimen should not be obtained too early after the 
menstraation pexnod failed to appear. The specific gravity should be a o\ 
1010. The reaction should be neutral or slightly acid; if alkaline, it 
be acidified xvith a few drops of a 50 per cent acetic acid solution. The 
men should be clear and free of albumen. Specimens xvith hea^y 
contamination or foul odor should be rejected. One should insist on o ) 
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a fresh nioniiug urine. Fluids should be restricted after 8 p.jt. the night before 
the urine is obtained. According to Davy and Nason,” boric acid is the best 
preservative if the specimen cannot be kept in the icebo.'i until used. 

B. Points Conceriiituj the Vse of the Aiitmiiis — The vats used for the test 
must be properly bclected. The weight of the anima) should be between 33 
and 40 grams, the age between 22 and 40 days We have used rats up to 45 
day.N of age witit reliubie re.svtUs. Rata older than 43 days and younger than 
22 days should not be used. Animals dermal trout a large litter are usually 
underdeveloped. Such animals slumld not be used at the age of 22 day,s, bitt 
can bo used if about 30 days old, provided that then' nutritional status then 
is good. If underdeveloi»ed animals are used, their mario.s might be refractory 
for a satisfactory response. The qnestion of [iroper nntritiotj Is of great im- 
portance for raising of a good Utter. The test animals must be kept away 
from the male animals. Noise and excitement should (ic avoided as well as 
misplacing the animals. 

C. I'he Autopsy (Fig. R). — The autopsy should not be pevfovmcd too 
early after injection for tlie reasons ontlmvd iirevionsiy. The ovaries must be 
iiLspeefed immediately after the rat is Idlled. (.'hluroforming of the animal 
and inspection of the ovaries shotdd be a eohercivt step in the procedure, nut 
talcing longer titan tour to five ininntes. If tins is nut done, the most impor- 
tant sign of a positive veaetioii, hyiieremia, may disatipear (jtiieldy, and a false 
negative interpretation may be made 

D. /fcndiiifl of the Oeuries. — The appcaraiiee of the ovaries in negative, 
positive, or indefinite reactions has been discussed previously. It is absolutely 
necessary to become familiar with these veaetioivs. Tyiiieal negative and typical 
positive reactions are so distinct there sliould lie no difficulty in diagnosis. 
Indefinite reactions, liowevcr. are diffivuit to interpret and may lie responsible 
for a false diagnosis. In such cases it is best to inject another animal. The 
appearance of coiorless foilieles without hyperemia or enlarsement should he 
considered a negative I'caotion. 

3. Source of Rids for the Test.—Tbe animals eaii lie obtained from com- 
mercial dealci's or can be raised in a rat colony. A very useful book on this 
subject is that by jilain.’’ Sufficient .spate, clean quarters and cages, and a 
vitamin rich diet are necessary. Intcriirceding of new strains of rats should 
take place at certain intervals. The greatest difficulty in keeping up the rat 
colony is the proper timing of matings, because of the difference among the 
animals in their pliysiology of pregnaney. Another diffieuify is the in.stabilify 
of the number of males and females in one litter. We, therefore, buy .some 
rats from a reViaWe dealer whenever it is necessary, 

SUAIMARV 

The advantages and disadvantages of the pregnancy hormone test in vats 
are diseus.scd, and it is pointed out that iminy teelinieal errors may be en- 
countered. Further studies are needed to make this test 100 per cent reiiabic. 
Coneentratiou of the urine siwcivoens may be an aid in the solution of some 
of ouv diffienltlos; however, we feel that this test ran lie used at the present 
time and partieularly so because of the difficulty in obtaining labbits. With 
the precautions applied as described, we firmly Imlieve that the test using rats 
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is not less reliable than when perforaied using I’abbits. Our study shows errors 
may be encountered, but they may also bo encountered Avhen rabbits are used. 
We feel that the enthusiasm of previous authors in regard to the substitution 
of rats for rabbits in this test is somewhat justified. 


REFERENCES 

1. Trivino: cited by Eberson, E., and Silverberg, M. H.: Anterior Pituitary Hormone in 

Urine, J. A. M. A. 96: 2176, 1931. 

2. Walker, Thomas E., and Walker, llora V. H.: A Alodi/ication of the Aschheim-Zondek 

Test, J. A. M. A. Ill: 1460, 193S. 

3. Erank, Robert T., and Berman, Rose L.: A Twenty-Eoiir Hour Pregnancy Test, Am. J. 

Obst. & Gynec. 42: 492, 1941. 

4. Kelso, Richard D.: A Twenty Pour Hour Test (Aschheim-Zondek Alodilication for Diag- 

nosis of Pregnancy), Am. J. Clin. Path. 10: 293, 1940. 

5. Salmon, Udall J., Geist, Samuel II., Salmon, A. Austin, and Erank, Irving L.: A Six- 

Hour Pregnancy Teat, J. Clin. Endocrinol. 2: 167, 1942. 

6. Alule, J. W., and Underwood, H. D.; Evaluation of the Practical Use of the Aschheim- 

Zondek Pregnancy Teat, Am. J. Obst. & Gynec. 33: 850, 1937. 

7. Davy, L., and Sevringhaus, E. L. ; Analysis of Errors Inherent in Pregnancy Tests Based 

on the Aschheim-Zondek Reaction, Am. J. Obst. & Gynec. 28: 88S, 1934. 

8. Davy, L., and Nason, Robert A.; The Choice of Method for Pregnancy Diagnosis, jlm. 

J. Obst. & Gj-nec. 28: 186, 1934. 

9. Main, Roland J.: The Care of a Small Rat Colony, St. Louis, 1939, The C. V. Mosby 

Company. 



CHEMICAL 


A JlICROilETIIOD FOR THE DETEB^nNATION OF ETHYL 
ALCOHOL IN BLOOD* 


WiLLuar D. BIcNalijV, M.D., and Hauold M. Coleman, Ph*D., Chicago, III. 


B ecause of tJie need for a rapid and yet accurate method of detenniniii'j 
ethyl alcohol in blood taken from hospital patients for diagnostic purposes 
and from the deceased for medicolegal evidence, a micromethod ^vith which two 
determinations may be run simultaneously lias been devised and experimentally 
found to be highly satisfactory. Its merit lies largely in the fact that the 
method is valid over approximately twice the range of blood alcohol concen- 
trations as is determinable by previous methods. The necessity of the exten- 
sion of this range becomes apparent from our experience that in both living 
and dead individuals with a clear acute alcoholic history blood alcohol concen- 
trations have attained 0.7 per cent. All the previous methods cited below fail 
to exhibit evidence that their blood alcohol concentrations are valid above 0.4 
per cent for a given blood analysis sample. 

In addition, the motliod described in this paper uses solutions which arc 
stable indefinitely, reciuircs but a few drops of blood (0.1 c.c.), and involves a 
simplified method of obtaining the final per cent of alcohol. However, no claim 
is made for the specificity of the method, inasmuch as the analysis of blood 
talcen from alcoholic individuals given paraldehyde as a sedative proved to be 
absurdly" high. Usually this difficulty is removed by the wthdrawal of the 
blood sample prior to medication. 

WidmarV in 1922 appears to have been the first to reduce the determina- 
tion of ethyl alcohol in blood to micro dimensions. Jlany papers modifying the 
Widmark method followed, among the more important of which were the works 
of Aoki,^' Galainini and Bracaloni,® Koller,* Kaiser and ^Yetzel,^ Heidusclilia and 
Flotow,« Hoizer,^ Kanitz,® Soltau,® Jlayer,'® Cavett," Stempel,'^ and 

Winnick.” 

Other methods were developed, some entirely new in principle, otiiei’s, 
niicromodifications of former macromethods. Tliesc were investigations by 
Hiramatsu,^® Abels,^^ Levine and Bodansky," Shapiro, “ Heiduschka and Steul- 
inann,^® Liebesny,^*’ Andei-son,” Decker/* Nicloux/* Johnston and Gibson,** 
Pish and Nelson,*® Ne\vmau and Abramson/® Kozelka and Hiiie/* Goubaii,*® 
and Tliivolle and Soniitag/“ 

ItEAGENTS 

1. Sodium tungstate (NaolVOi) solution 
{10 per cent aqueous solution) 

•fYom the Cook County Coroner’s Chemical Laboratory. 
neceWed tpr pubUcalion, Oct. 30, 1943. 

-}2a 
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2. jMercurie sulfate solution 

50 Gm. of mercuric sulfate (HgSO,) and 28 c.c. of concentrated sulfuric acid 
are diluted to 500 c.c. 

3. Potassium iodide solution 

40 Gm. of potassium iodide (KI) per liter. 

4. Potassium dieliromate solution 

8.3903 Gm. of potassium dieliromate (KcCr.Or, Mallinckrodt, Analytical 
Reagent Grade)® is diluted to 2000 c.c. of solution (0.08555 N. as o.xidizing 
agent with respect to ethyl alcohol.) 

5. Sodium thiosulfate solution. 

Approximately 4.7 Gm. of sodium thiosulfate (Na:;ScO.,.5HoO), 1.0 Gm. 
sodium hydroxide, and 0.5 Gm. benzoic acid are diluted to 1 liter of solution. 
This solution is filtered prior to use. 

6. Starch solution 

2 Gnu soluble starch per liter of water. 

This solution is preserved indefinitely if kept in refrigerator when not in use. 


PROCEDURE 


A 0.1 c.c. fsormax pipette (to contain 0.1 c.c.), after having been cleansed 
irith dichi oinic-sulfuric acid solution and washed several times with distilled 
water, is rinsed twice with the homogenous blood to be analyzed. The blood 
is then drawn up about 5 mm. beyond the mark, and then cautiously lowered to 
the niaik by the application of a piece of cloth to the end of the pipette which 
removes the blood by blotting action. 

The pipette containing the blood is then transferred to the distillation flask, 
^le eing exeieised to prevent any blood from touching the sides of the flask. 
The pipette is then washed three times with distilled water (both inside and 
out) One c.c. each of the sodium tungstate and mercuric sulfate-sulfuric acid 
solutions are added and the flask sides then rinsed with distilled water. 


The distilling heads connecting the distilling flasks and the condensers are 
then put into place. (See Fig. 1.) 

The distillate receiving flasks are 50 c.c. Erlenmevers to which had been 
added 1.000 c.c. of standard dieliromate solution from a 1 c.c. microburette and 
4 c.c. of chemically pure gi-ade concentrated sulfuric acid (Mallinckrodt) de- 
livered from a 5 c.c. microburette.t These, after being cooled, are placed in 
such position that the condenser tip is approximately 2 cm. above the dieliromate 
solution. These mixtures, if kept in the sunlight, must be used within a fe" 
louis, inasmuch as the sulfuric acid contains an impurity^, perhaps dissolved 
sulfui dioxide, which reduces the dichromic acid in the acid mixtures at room 
temperature to the extent corresponding to approximately 0.003 per cent ethyl 
alcohol per hour. Further experiments showed that the rate of reduction of 
the dichi omic acid in complete darkness was found to correspond to 0.0005 pei 
cent al cohol per hour. This phenonienon is not new, having been observed 


hour/ and 1 pulverized, oven-heated at 110° 

hours, ana then \ <icuum-dried over phosphorus peutoxide prior to use. 


C. for sevenii 


^ ptjiiw-viue prior to use. *i ;r.. 

.. I Both the 1 c.c. burette (for dichromate) and the 5 cc burette (for the sodiuni tn 
fiel^^N 'j I^och-type microburettes obtainable from the SdenUac Glass Company, Bloom 
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previously.^® If not used immediately, these solntious should be placed in the 
dark wlicre the diohromate reduetion is iicsliRihle over a 24-liour period. 

The steam flask, not yet conneeted to the distillation flasks beyond the T 
tubes, is tlien lieated, and tlie developed steam is permitted to wash out the air 
in the entire steam system, the steam of coui'se, e.seaj)ing beyond the T tubes 
into tlic air. The steam-generating system is then connected with the distilling 
flasks (if one blood sample is analysed, one of the screw clamps is adjusted to 
elo.se tlie lumen of the ruiiber tubing), and after steam is permitted to flow out 
of the vertical portion of tlic T tubing for several seconds, this flow is stojijied 
liy closure of the pinch clamps. 



The flame is adjusted to pex-mit the rate of distillation to be such that 
aliout 70 drops of distillate are formed, or the 8.5 c.c. mark is reached in approxi- 
mately five minutes after whicli the pinch clamps on the T rubber tubing are 
opened and the flame removed. This volume should not be exceeded as all the 
alcohol will have been distilled over into the dichromic aeid mixture when tliis 
volume will have been reached, and any further distillation unnecessarily dilutes 
the alcohol-dichromic acid j?nxtnre leading to incomplcJe reaction with a result- 
ing low alcohol value. 

The flasits arc covered witli inverted 30 e.c. Erlenmoyer.s aild the contents 
mixed well by a rotary movement. Each, after the inverted fla.slc Is removed, is 
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then placed in the steam liath* for twenty minutes, after which time they are 
withdrawn and cooled under the water tap. One c.c. of the potassium iodide 
solution is pipetted into the contents of the flask whicli is then mixed well by 
vigorous rotation of the ilask. Al)out 2 c.e. of distilled water are then added, 
and the contents are titrated with standard sodium thiosulfate solution, the 
flask being rotated vigorously during the titration. Wlien the solution becomes 
a faint yellow in color, 4 drops of starch solution are added, and, after the con- 
tents are mixed, the titration is completed to a green-tinted almost colorless end 
point, the final drops being fractionated on the tip of the burette. 

Blank mixtures containing 1 c.c. of the standard diehromate and 4 c.c. of 
the concentrated sulfuric acid are occasionally subjected to the procedure 
(heated on steam bath, etc.) in order to check both the reagents and the blank 
titer, the latter being necessary for the construction of the graph from which 
the per cent alcohol is read. 

CALCUHVTION 

If: 

B = Titer of blank in c.c. of sodium thiosulfate 

T = Titer of reduced acid dichromate mixture (by blood distillate) in c.c. 
of sodium thiosulfate 

Nk == Normality of potassium dichromate solution 

Ns = Nomality of sodiimi thiosulfate solution = ^ 

s> 

P = Per cent ethyl alcohol in blood sample by weight 
And if; 

1.050 Gm. per c.e. is assumed to be the average density of blood, and ethyl 
alcohol is oxidized under the procedure conditions to acetic acid (i.e., 4 electrons 
are lost per molecule of ethyl alcohol), 

Then : 


^ ^ ( B - T) (Ns) (100 ) 
4 (1000) (0.105) 

This reduces to : 

P = II (B - T) (Ns) 
Substituting : 


And letting ; 

H) (NJ-0 


( 


Then: 


- 0 (^)-o( 1- f) 


•The steam bath consisted of an iron dish in which several 2o0 Sw 

Both the dish and the beakers were half fllled with distilled water, and me convenlMOj 

heated with a flame untii the boiling point of water was reached. Each ne^ flasks couic 

accommodated one Erlenmeyer flask with no danger of tipping, and tnus seve 
be heated on the steam bath simultaneously. 
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P = -|-{T) + C 

This is ail equation of a straight line with slope = and with a 

T - axis intercept of B and with a 
P - axis intercept of C 

Hence, if, on a large graph papei-, tJic two axis intercepts are plotted as in 
Pig. 2, and a straight lino dra^ra through tlieni as indicated, tlien tlie per cent 
blood alcohol by weight can bo obtained quickly for any sodium thiosulfate 
titer by the use of a celluloid right triangle as diagrammed. The accuracy of 
the method for varying amounts of ethyl alcohol is shown in Table I. 



TabIiE I 


CoiipABisON or Experimentally Detebmined ani> True Per Cent Alcohol by tVEiaiiT 
IN Human Blood as Obtained by Micromethod 



FOUND 

FOUND 

FOUND 

Bank Blood 

0.002 

0.003 

0.005 

0.12 

0.13 

0.14 

0.13 

0.23 

0.23 

0.25 

0.25 

0.35 

0.37 

0.36 

0.36 

0.46 

0.47 

0.45 

0.45 

0.59 

0.61 

0.60 

0.60 

0.74 

0.72 

0.72 

0.73 

0.88 

0.80 

0.8$ 

0.86 


•Absolute alcohol (prepared by tho distillaUoD of commercial absolute alcohol after It 
had been treated with sodium amalgam) of appropriate otxier of weight was added to approxi- 
mately 10 c.c. of blood in glass-stoppered weighing bottles. Weighing by difference led to^thc 
known weights of alcohol and blood from which the per cent alcohol by weight was calculated. 
These mixtures were well shaken before their analysis. 


SUMMARY 

1. A micrometliod is described in which the alcoiiol concentration in bloods con- 
taining up to 0.88 per cent alcohol can be detei-mined within an average of 
5 per cent error. Tliis range is approximately tivice that determinable by any 
previous mieromethod from a given blood sample. 
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2. The method requires only a few drops of blood (0.1 c.c.) which a finger or 
ear prick could provide, venous puncture being unnecessary. 

3. The method involves the use of reagents which are stable indefinitely. 

4. A simplified calculation is derived and described, minimizing the possibility 
of arithmetical error and permitting the final per cent alcohol to be ob- 
tained quickly. 

5. The method is not time-consuming, permitting the analysis of two blood 
samples simultaneously in about thirtj'-five minutes. 


REFERENCES 

1. Widmark, E. M. P. : Fine Mikromethode zur Bestimmung von Athylnlkoliol im Blut, Bio- 

ehem. Ztsclir. 131; 473, 1922. 

2. Aoki, M.: Modification of Widmark ’s Micrometliod for tlie Determination of Blood 

Alcohol, J. Biochein. (Japan) 5: 327, 1925. 

3. Galamini, A., and Bracaloni, L.: Modificazione al Micrometodo di Widmark per il posaggio 

dell ’ Alcool nel Sangue, Arehivio. Farmacol. Sper. 45: 97, 1928. 

4. Koller, J.: Zur Technik dor Quantitativen Alkoholbestimmung im Blut nach der Metliode 

von Widmark, Uoutache. Ztsclir. f. d. ges. gcrichtl. Med. 19: 513, 1932. 

5. Kaiser, H., and Wetzel, E.: Beitriige zur Alkoholbestimmung im Blut nach Widmark, 

Angew. Chem. 46: 622, 1933. 

6. Heidusehka, A., and Flotow, E.: Alkoholbestimmung im Blut, Pharm. Zenfral. 74; 329, 

1933. 

7. Holzer, F. J. : Zur Technik der Alkoholbestimmung im Blut, Deutsche. Ztsclir. f. d. ges. 

gerichtl. Med. 20: 284, 1933. 

8. Kanitz, H. R.; Bemorkungeu zur Technik der Blutalkoliolbestimmung nach Widmark fur 

Heihenuntersuchuugen, Deutsche. Ztsclir. f. d. ge-s. gerichtl. Med. 24: 273, 

9. Soltau, H.; Estimation of Percentage of Ethyl Alcohol in the Blood, Brit. M. J- i- 

1048, 1936. 

10. Mayer, R. M.: Untorsuchungen Uber don Alkoholfaktor "f” bei der Mikrobestimmung 

nach Widmark, Deutsche. Ztsclir. f. d. ges. gerichtl. Med. 26: 244, 1936. 

11. Cavett, J. W, : The Dcteruiinatiou of Alcohol in Blood and Other Body Fluids, J- b.' . 

Clin. Med. 23; 543, 1938. , 

12. Stempel, B. ; Voreinf achung der Blutalkoholbestimnmiig nach Widmark, Pharm. Zentra . 

81:361, 1940. , Mi.nl 

13. du Pan, R. M. : De Quelques Modifications Apportees a la Metliode de Dosage do 1 r eo 

dans le Sang selon Widmark, Itolv. Cliim. Acta 26: 531, -1943. , 

14. Winuick, T.: Determination of Ethyl Alcohol by Microdill‘u.sion, ludust. & Eiigin. mu., 

Anal. Ed. 14: 523, 1942. 

15. Hiramatsu, T.: On a New Method for Determination of Alcohol in Blood (In Japaiie.'- 

Sei-I-Kai M. J. 48: 21, 1929. „ 

16. Abels, J. C.: A Simple Method for Determination of Ethyl Alcohol in Blood, Proc. 

Exper. Biol. & Med. 34; 346, 1936. . ,. 

17. Levine, H., and Bodansky, kl. : A Simple and Accurate Method for the Determin. 

of Alcohol in Body Fluids, Am. J. Clin. Path. 4; 103, 1940. . f n of 

18. Shapiro, J.: An Adaptation of the Photoelectric Colorimeter to the Determina lo 

Alcohol in Blood and Urine, Am. J. Clin. Path. 12: 66, 1942. 

19. Heidusehka, A., and Steulmann, 6.: Ueber die Bestimmung von Alkohol im B u 

Harn, Pharm. Zentral. 77: 405, 1936. _ 

20. Liebesny, P.: Methodik und Apparatus zum Nachweis von Alkohol ini Harn, 

Wclmschr. 7; 1959, 1928. , i T Clin. 

21. Anderson, R. K.: A Simple Method for Determination of Alcohol in Blood, Am. 

Path. 6: 85, 1942. -nputsclie. 

22. Decker, H. : Ueber die Interferometrische Bestimmung des Blutalkoholgehaltes, 

Ztsclir. f. d. ges. gerichtl. Med. 33 : 33, 1940. ‘ . Tissus 

23. Nicloux, M., LeBreton, E., and Dontcheff, A.: Microdosage dans le Sang et 

de Quantite’s d ’Alcool Ethylique Comprises entre 0.1 mg. et 0.5 nig., 

chini. biol. 16: 1314, 1934. , j.,. pie 

24. Johnston, G. W., and Gibson, R. B. : A Distilling Apparatus and a jg40. 

Determination of Alcohol in Blood and Urine, J. Lab. Clin. Med. i Alcohol 

25. Fish, V. B., and Nelson, V. E. : A Micro-method for the Determination of 'y 

in. Blood, Proc. Iowa Acad. Sei. 48: 207, 1941. . Photoelectrie 

26. Newman, H., and Abramson, M.: Determination of Ethyl Alcohol With the 

Colorimeter, J. Pharmacol. & E.xper. Therap. 74: 369, 1942. 



JICNALLY AND COLEMAN; ETHYL ALCOHOL IN BLOOD 


435 


i27. Kozelka, F. L., and Iline, C. H.: Method for Detcrujination of Etliyl Alcohol for Medico* 
lojjal Purposes, Imiust. Si Engin. Cliem. 13: 005, 1041. 

28. Goubau, K. : ilicrodosage d’Alcool dans U’ Sang jiar Spcctrophotometric, Bull. Aead, roy. 
di* nuhl. do Belgique 4: 100, 1039. 

20. ThivoUe, L., and Soimtjig, G.: Microdosage do I’Alcool EtUyliquo, Bull. Soc. ohiiu. biol. 

30. Giaf, O., and Flake, E : Zur Frago dos Verlaufes der 

... nacli Alkoliolgaben, Arbeitsphyslol. 6: 141, 1932; Meier, 

C. A., and ^Vyler, O. : Ncuere Untcrsucliungen zur IViduiarkschen Alkoholbestinimung, 
Arbeitsphysiol. 7: 328, 1934; Harger, R. N.: A Simple Micromethod for the De- 
termination of .Vlcohoi in Biologic Material, J. Lab. & Clin. MeP. 20 : 740, 1935; 
Ilallen- Paulson, L. : The Influence of Light on the Deternnuatioii of Alcohol in 
Blood According to the ilcthod of AVidmark, Tids. Kjeiiii. Bergvesen 19: 61, 1939; 
du Pan, R. M. : op. cit. 



THE ADAPTATION OP THE DIRECT BIURET METHOD FOR THE 
DETERMINATION OP SERUM PROTEINS TO BOX 
COMPARATOR COLORIMETRY"^ 


Capt. George R. Kingsley, Sn.C., A. U. S. 


A S photoelectric colorimeters are nonstandard army hospital field equipment, 
and a Duboscq type colorimeter is impracticable for portable field Idts, the 
direct biuret method^ for the determination of serum proteins was adapted to 
the box comparator type of colorimetiy. The box comparator was made from 
a 2 by 4 inch length of soft pine Avood. Holes Avere bored for sei'en pairs of 
16% X 150 mm. matched Pyrex tubes for racking, and for matching three single 
holes Avith 14 x 35 mm. centered upright intei’secting apertures cut through the 
sides of the block. A thin glass green light filter Avith maximum transmission at 
540 m/i should be used if UAUiilable. A thin frosted piece of glass or paraffin oiled 
sheet of thin copy paper may be attached oA'er the apertures to the side of 
the box. Fairly good matching of. the color tubes Avas obtained in a good north 
light Avithout light filters. 


REAGENTS 

Biuret Reagent (T.P.) for Total Protein. — To 500 c.e. of 14 per cent sodium 
hydroxide (“carbonate free”) in a Pyrex bottle or flask, add 100 e.c. of 1 
cent copper sulfate (CuS 04 . 5 Hj 0 ) solution and mix. Protect from dust an 
other contaminants. A rubber stopper may be used. 

Biuret Reagent (ALB) for Albumin, — To 300 c.c. of 23 per cent sodium 
hydroxide (“carbonate free”) in a Pyrex bottle or flask, add 100 c.c. of 1 P®’’ 
cent copper sulfate solution and mix. 

Ether. — ^U.S.P. grade is satisfactory. 

Sodium Chloride. — 0.9 per cent. 

Sodium Sulfate. — 23 per cent. . , 

Standard Serum (for Calibration). — Obtain 5 to 10 c.c. of a single or nnxe 
specimen of normal serum free from cells and hemolysis. Determine tlie pro 
teiu concentration in duplicate samples by the macro- or micro-Kjeldahl me i 


PREPARATION OP STAND.UID BIURET TUBES POR MATCHING IN BOX COAIP-GIATOB 
Preparation of Biuret Stock Standard. — Prepare an 8.4 per cent stock 


standard by adding 5 c.e. of the standardized serum to X 

, per cent T.P. of serum x 300 . 

8.4 




-) 


e.c. of biuret reagent (T.P.). . 

Shake Augorously the stock standard Avith 50 c.e. of ether for five 
and let stand forty-eight hours in a glass-stoppered cylinder. Carefu y pr 
off the solution to be used for standard from beneath the ether layer an 
mixing the small amount of lipoidal precipitate Avhieh forms betAveen t le ' 
and ether layers. 


•From the Lahoratories, McCloskey General Hospital. Temple, Tex. 
Received for publication, Jan. 3, 1944. 


43G 



KINGSIJ!Y: ad.iptation op direct biuret method 


437 


Preparation of Standard Color Comparison Tides From Stock Standard . — 
Prepare slimdard tubes from 8.4 to 3.2 per cent at infervab of 0.4 per cent 
(Table I). 

For B.\’ample: to prepare an 8.0 per cent staiidanl: 

X 6.0 = 6.3. 6.3 - 6.0 ■= 0.3 e.c. of biuret reagent (T.P.) to be added 

to 6 o.e. of stock standard to prepare an 8.0 per cent standard tube. Uniform 
matched Pyrex test tubes should be used for protein determinations and stand- 
ard tubes. Tubes should be stoppered tightly with paraffin-coated corks or 
rubber stoppers. 

TABOr. I 


VOLDSIB OP RE.\GEKTS FOR PREP.UIATIOX OP ST.INDARD TUBES 


PnOTFJTf STANDARD 

PER CENT 

C.C. OF S.4 PER CEaVT op .STOCK 
st.\ndard 

r.r. OP BIURET REAGENT 
(T.P.) 

8.4 

10 

0.0 

S.O 

9 

0.43 

7.0 

0 

0.90 

7.2 

9 

1.50 

C.8 

9 

2.11 

C.4 

9 

2.81 

0.0 

9 

3.C0 

5.6 

6 

3.00 

0.2 

6 

3.70 

4.8 

C 

4.50 

4.4 

0 

5.45 

4.0 

0 

6.60 

3.0 

4 

5.33 

3.2 

4 

6.50 


METHOD 

Total Protein. — To c.\-aetly 6 c.e. of biuret reagent (T.P.) in a standard 
colorimeter tube, add 0.1 e.c. of fresh .serum (free from cells and hemolysis) 
with a niicropipette, after wiping the outside of the pipette. Rinse the pipette 
three or more times with tlie biuret reagent. Add 2 c e. of ether, stopper, shake 
vigorously for approximately teu seconds, remove tlie .stopper, and immediately 
centrifuge at about 2,500 revolutions per minute for 6ve minutes. Read against 
standard tubes in the box comparator within five minutes after centrifuging. 

If the serum is clear and contains only traces of hemoglobin and no more 
than normal concentrations of other pigments, fairly accurate results are ob- 
tained without ether extraction and centrifugation if readings arc made five 
minutes after the development of the biuret color. When etiier is not used, 
carefully mi-x the solutions by inverting; avoid shaking. 

Albumin.^ Add 0.5 e.c. of serum to 7.5 c.e. of 23 per cent sodium sulfate 

in a test tube (IS by 120 mm.) and mix thoroughly by twirling. Add about 
3 e.c. of ether, rubber stopper, and shake vigorously for twenty to thirty sec- 
ond.s. Unstoppev the tube .and centrifuge five to ten minutes at about 
2,500 r.p.m., or until globulin precipitate separates if hand centrifuge is 
used. After centrifugation, slant the tube so that the tightly packed globulin 
precipitate .separates from the w.alls of the tube. Insert a pipette through the 
etlier layer, prcferalily along the lower wall, withdraw 2 e.c. of the aihumin 
solution, .add to 4 c.e. of the binret reagent (ALB) in a standard colorimctei’ 
tube, and mix immediatelj'. Tlicn add 2 c.e. of etlier and proceed as in the 
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biuret method for total protein. Under certain conditions the use of ether may 
be omitted as stated above. To calculate the amount of albumin present, detei- 
mine the iirotein equivalent of the slandard tube to which it is matched and 
multiply by 0.784. 

Globulin.— Total protein minus albumin equals globulin. 

DISCUSSION 

Different observers were able to obtain readings which cheeked within a 
range of 0.0 to 0.3 per cent protein. However, individuals who may be partially 
color-blind to pink and purple colei's should not use this method. The method 
has been used satisfactorily>for the past ten months. The standards were .stable 
for about six months if kept in the dark at room temperature. However, it i.s 
believed that refrigerated standards may keep even longer. 

SU.MMARY 

An adaptation of the direct biuret method for the determination of serum 
proteins to box comparator colorimetry has been described. The method has been 
satisfactory as a substitute for more elaborate equipment. 
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ON THE OCCUUKENCE OP ARSENIC IN IH’.IIAN HAIR AND ITS 
MEDICOLEGAL SIGNIFICANCE' 


B. Gordon Yorno, Ph.D., F.R.S.C., and P. A, H. Rice, B.Sc. 
Hauf.ix, N S, 


' I ' lionitin tissues in cinonie ai'senieal poisoniiif: aie of special importance 
1 fram a niedicolettal point of view, hecanse they aji]iear to fix and concentrate 
aiscnic from tlie systemic circulation.' Thus liair and nails liave been fre- 
quently analysed j)osthuinou.sly as a means of detecting aracnic administeied 
with liomieidal intent.' It is tlicrcforc of .sicat importance to estaidish the 
concentration of arsenic [n’eseiit in normal human liair. Tills iias been done by 
several investigators usiii.g varioirs leeliniipics ivilli very different results as 
reviewed by tVulirer.' One to 3 mg. per 100 Gin. of iiair is tlie usual eoncentra- 
tion of aisenio in acute and clironie poisoning, Imt it may be as low as 0.1 mg. 
Althausen and Guntiier* record two analyses: 0.08 and 0.16 mg. for normal hair 
of known iiistory. Wtihrer' carried out lhirt.v analyses on imir from barber 
•sliops in Berlin, tlie great majorit.v of wliich were between 0.01,5 and 0.3S mg. 

Several other inve-stigators have imhlislicd figures of this order of mag- 
nitude. Tile results of M.vers and Cornwall' are much more variable, ranging 
from 0,00 to 10.6 mg. It tlierctore appeared to us as a question for further in- 
vestigation, witli tile iiriniai-.v object of devising a standard proeednro for treat- 
ing the liair prior to analysis. Oiir initial conception was tliat of arsenic from 
the blood being deposited as a keratin complex in file Jiair follicle and c.xtending 
along the shaft with growtii. In addition, wc pictured the contamination of 
tile hair witli arsenical compounds from external .sources such as dust or 
pomades. Our experiments liave been designed to remove '‘o.xtcrnal” arsenic 
by suitable solvents from tlie ''internal” arsciiio-keratin complex and thus to 
arrive at a true normal figure for hair representing tlie ingestion of arsenic in 
food or its inhalation. 

EXI’ERRMENTAL, 

Methods.— Arsenic was determined by tlie miero-Gutzeit apparatus" using 
Hanford-Pratt strips impregnated witli 2 per cent aleoliolic mereun'e In-omide 
for amounts below 0.02 mg. As.-O^ and 4 per cent for liiglicr values. Tiio zinc 
(granular, 20 to 30 me.sli) and' liydroclilorie acid wore the special grades for 
this purpose. The detez’ininatioiis were carried out in a water bath at 30° ± 1° C. 
IVaslied sand was used instead of the nsiial roll of absorbent cotton following 
the directions of Jacobs.' Twenty per cent lead acetate was added, and com- 
pressed air was passed tliroiigii the tube for about tliirty .seconds. Before cadi 
determination, liie tube to contain the indicator .strip wa.s wa.slicd wifii con- 
centrated IINO3, rimsed witli water, and dried. A slandard series of stains 
from 1 to 20 /ig. in strips of 1 pg. was prepared, asing a solution of rcsublimed 

‘From llio Department of Bioehenilstrj'. Dalliousle Un/xeisity. Halifax. Canada. 
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AsoOg (Merck reagent). The standard at 0.5 //g. gave a very slight stain. 
Blank controls were negative compared with the weakest standard. For values 
above 20 fig., an interval of 0.2 /tg. was used for tlie standards. The lengtli of 
stain on botii sides of the paper was measured, averaged, and compared witli a 
curve plotted from the standards. 

We have also used suecessfiillj’’ the modification of the G'utzeit method with 
No. 24 cabled cotton thread instead of paper strips for tlie lowest arsenic values.* 


Organic matter was removed, either liy “dry” ashing with magnesium 
nitrate according to the Strzyzowski procedure” or “wet” asliing with con- 
centrated nitric and sulfuric acids and 30 per cent hydrogen peroxide.'” Host 
of the determinations were done by the former method; In this, 5 e.c. of satu- 
rated Mg(N03)„ were used to about 4 Gm. of hair, in a silica crucible, adding 
enough distilled water to ensure comiilete wetting. • After complete ignition, 
enough water was added to make a thick paste and then concentrated HCl to 
about pH 6 by alk-acid paper. Three c.e. of concentrated HCl were tlien added, 
and the solution was washed into the apparatus with 25 e.c. of water. 

In “wet” ashing, 15 e.c. each of concentrated HNO3 and ILSO^ were added 
to 4 Gm. of hair in a 250 e.c. Kjcldalil flask and heated to boiling. Concentrated 
HNOj was added dropwise from a funnel until the solution was nearly colorless, 
requiring about 50 e.c. in one-half to one hour. After evaporation to about 5 e.c., 
3 e.c. of 30 per cent HoO. were added, and evaporation continued to about 3 c.e. 
The solution was then made up in a small graduate cylinder to 4 c.c. with con- 
centrated H2SO4, and the contents of both flask and graduate were washed into 
the Gutzeit apparatus with 25 e.c. of water. This method gave results that wore 
5 to 10 per cent higher than the Strzyzowski procedure. 

Extraction With Solvents . — Several large specimens of human female han 
of known history were used in the following experiments; One specimen vas 
extracted with distilled water for forty-one hours, and 3 Gm. samples were taken 
at intervals for analysis. Forty-seven per cent of the original arsenic present 
was removed in twelve hours, and it was not increased bj' more prolonged e.v 
traction. Further decreases in the original concenti'ation in the hair weie e 
fected with 0.1 per cent NaOH, 0.2 per cent NaoCO^, and 0.1 per cent HGl 01 
twelve hours each at 20° C. The results on two specimens of hair are shown 


in Table I. 

A decrease comparable to that obtained with NaOH was brought about b}^ 
extraction of the hair with ethanol or diethyl ether for eight hours. Combinmo 
the two procedures gave a further decrease, as shown by Sample 3 in 
By way of increasing the speed of extraction, this was carried out under le - 
for two hours at 100° and compared with the effect of sixteen hours at 20 . 


whole procedure as shown in Table II consisted of initial extraction with a eo 10 
in a Soxhlet apparatus for eight houi-s, followed by treatment of this 
as separate samples with HCl or NaOH or both at 20° and at 100° as 
Longer extraction than two hours with HCl and NaOH at 100° did not 
ably decrease the concentration of arsenic. During this period, however, ^ 
was an appreciable reduction in free acid and base, 0.1 per cent NaOH .? 

0.04 per cent and 0.1 per cent HCl becoming 0.06 per cent in tivo houis, 
was due to combination with the protein of the hair. 
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It would thus seoin tliat about 80 to 00 jitr cent of the arsenic nonnally 
present in hair can be I'emoved ivitlioixt dcstroyini' (he structure of the hair. 
The remainiii}? 10 to 20 per cent appcai-s to be fixed in sucli a inannei- as to sug- 
gest possible internal deposition corresponding to the conception of “normal” 
arsenic. Using tlio above nietliod of hot extraction witli ethanol. NaOH and 
HGl, determinations have been carried out on sevci-al samples of Jiair of hnoAvn 
history carefully collected. The ixntreated specimens ^'aried from 0.09 to 0.48 
mg. per 100 Gm. dry hair, and the treated from 0.02 to 0.05 mg. as shown in 
Table III. The latter values agi*ee well with those recorded in fiie literature for 
the most part. They tend to support our conception of “internal” and “ex- 
ternal” ai'senic in hair. 

Tadlc I 


Effects op Aqueoi's ^{oLVE^^TS 


TBEATilENT 

SAMPLE 1 1 

1 SAMPLE 2 

( SAMPLE 3 

•WA 1 

DECREASE 1 

AS.O, 1 

DECREASE ' 

APjO* 1 

DECREASE 

Untreiitel 


% 

mg. ! 

% 

rag. 

% 

0.30 1 


0.37 1 

- , 

0.32 

- 

H,0 

0.10 

47 

0.23 

38 ! 



HC! (0.1%) 

o.u 1 

64 





NaOH (0.1%) 

0.09 1 

70 

0.0-14 1 

87 

0.09 

1 72 

N,a.CO. (0.2%) 

o.os 

74 


87 ; 



Ether 1 



0.05 j 


0.06 

52 

Ethaaol I 




1 

0.04 

88 


Table II 


Epi’EOT op Alcoholic and Aqueous BXTK.\cn’ioN .\7 20*' and 100" 




iMMRraRIfSSRmCBhtiliMHld 

SOLVENTS 


DEGREE OF 
EXTRACTION 

[ ASjOa 

DEOREE OF 
EXTRACTION 

Vntroiitod 


% i 


% 

Alcohol 

1 J.23 

23 

1 2.23 

33 

Alcohol -f HCi 


31 

1 0.93 

44 

Alcohol + NaOH 

; 0,04 

110 

0,23 

so 

-llcoliol + HCI + NaOH 

1 0.29 1 

1 82 


1 92 


Table III 


CONCE.NTRATIO.V OF ASjOj IN ffOKJ/AL HaIR BEFORE AND AFTEU E.\T1{ACTI0.V 


SA.M1’LE 1 

1 ,\S«s (MO/lOO CM.) 

NO. 

' WEIGHT 

INITIAL 

1 FI-VAL 


Gni. 



1 

3.95 

0.33 

0.051 

2 

4.39 

0.12 

0.032 

3 

3.67 

0.09 

0.023 

4 

4.64 

0.24 

1 0.033 

5 

3.32 

0.48 

0.041 

0 1 

5.87 

0.13 

I 0.025 


ExpeHments With Guinea Pigs.—To test this hypothesis, it was necessary 
to try tlie method of treatment on hair of known arsenic content established 
by internal deposition. Four guinea pigs were treated such that two were in- 
jected daily subcutaneously with 0.75 c.c. of a sodium arsenitc solution (1 mg. 
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AsoOj per c.c.), and two served as controls. The first animal died after receiv- 
ing 6.5 mg. AsoO.i, and the .second after 9.5 mg. About 15 6m. of hair were 
clipped from each animal. Approximately 3 Gm. were used in each determina- 
tion, extracting for eight hours with 95 per cent ethanol and refluxing in a 
steam bath for two iiours each with 0.1 per cent NaOH and 0.1 per cent HCl. 
The results are given in Table IV. 

This result indicates that aisenic appearing in hair from the systemic circu- 
lation is not irreversibly fixed and is capable of being extracted in the course of 
removing arsenic acquired by external contamination. Using the less drastic 
procedure of extracting with 0.5 per cent Na„C 03 place of 0.1 per cent NaOH 
gave essentiall}’ the same result. An analysis of the fluids obtained in the ex- 
traction of the hair from guinea pig 4 showed that the alcohol had removed 11 
per cent, the NaOH 75 per cent, the HCl 7 per cent, and 7 per cent remained 
in the hair. 

IV 


ExTR.vc'riox OF Guinea Pic. IlAia Aftf.ii SriicrT.vsEOv.s Aumi.ni.stk.vtio.v op Arsenic 


ANIMAL 

1 .VS.O3 CONTENT 

extr.vctio.v 

I’NTUE.VTEn ' 

THEATEli I 


mg- 1 

mg- 

per cent 

1 Control 

0.03 

0.03 

0 

2 Control 

0.03 

0.03 1 

0 

Injectetl 

1.00 

0.07 

94 

4 Iniccted 

1.30 

0.10 

92 ■ ■ ' 


One of tlie control guinea pigs was next injected on two successive days witli 
0.75 mg. of AsjOj as .sodium arsenite and then clipped. The value of areenic 
in the hair rose from 0.03 to 0.1 mg. per 100 Gm. Wo consider this a sigiufl<!!i“*' 
experiment in that it demonstrates the very rapid appearance of arsenic in hau 
from a systemic origin. It could not possiblx' reach the hair shaft by fixation 
as an insoluble keratin complex laid down in the follicle. It must have reached 
its location by secretion from sebaceous or sweat glands and by adsorption oi 
absorption from fluid bathing the shaft. Wo have repeated this experiment on 
two additional guinea pigs determining the arsenic content of the hair on the 
same animal both before and after injecting the arsenite. The arsenic content 
rose from 0.11 to 0.16 mg. per 100 Gm. of hair. It is thus necessary to concehe 
of two sources of arsenic in hair: (1) a small percentage as fixed in the foUide 
and appeai'ing in the shaft with growth, and (2) a large percentage appeaH”^ 
on or in the shaft from secretions of sweat or sebaceous glands. Our evidence 
does not at present permit differentiation of these sources. 

Adsorption Experiments . — The problem was next approached by atteniphan 
to determine the extent of the removal by various solvents of arsenic app ^ 
externally to hair. Smith and Hendry” have claimed that only 40 pd c®'' 
of such arsenic could be removed after soaking in water for fifteen days. 

Adsorption and Elution of Sodium Arsenite . — 

Experiment 1. — 13.8 Gm. of hair were extracted for fiv'e hours with alcoio^ 
in a Soxhlet apparatus. It was then placed in 200 c.c. sodium arsenite, 
lent to 0.002 per cent As,/) 3 . One e.c. or more of the solution was remove 
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intervals, and the arsenic voneenlration was determined. The results are shown 
in Pig. 1. Tile liair exlraetod all of tlie ansenie in seventeen days. Tlie pH of 
the solution changed froni S.5 to 5.4. The iiiifial eoneentr.dion in lids specimen 
of iiair was 0.034 nig. As^Og/lOO Gm., and the final 29.0 mg. 

In an attempt to remove tin's “adsorbed” ansenie, the specimen of liair was 
soaked in 900 c.c. of water for twentydour hours, filtered on a Buchner funnel, 
and washed with 100 c.c. of watei*. The combined filtrates were concentrated 
to 100 C.C., and the arsenic concentration was determined. This showed a loss 
of only 7 per cent of its arsenic content 

The specimen was divided into two portions, A and B. A (6.4 Gm.) was 
placed ill 200 c.c. of water at pH 5.9 and soaked for twelve days with periodic 
determinations of the arsenic content of the inodmm. The As^Oj content of the 
hair fell from 0.29 mg./Gm. to 0.10 mg./Gm. in eight days and remained con- 
stant thereafter. This represents a loss of 66 per cent for this operation. Re- 
fluxing with 1 per cent formic acid in ethanol for fifteen hours removed an ad- 
ditional 2 per cent. 



Fig. 1 . — Rate of removal of arsenic from a solution of sodium arseiiite (20 per 100 c.c.) 
by human hair. 

B (6.1 Gm.) was allowed to remain in wafer for sixteen hours? this de- 
creased the AS 2 O 3 content from 0.27 mg./Gm. to 0.23 mg./Gm. of hair. The 
specimen was tJien divided into tw'O portions, B^ and B,* and extracted as shown 
in Table V. The results are expressed as tlie percentage decrease of the initial 
value for the particular procedure used. Alcoholic acetic acid (1 per cent) and 
aqueous hydrogen peroxide (3 per cent) were the only effective reagents. 

Experiment 2 . — After alcoholic extraction, another specimen of hair weigli- 
ing 13.94 Gm. was soaked in sodium arsenite solution containing the equivalent 
of 1.0 mg. ASoOa contained originally 0.14 mg./lOO Gm. 

and it absorbed arsenic from solution for fifteen days until the medium was 
50 per cent of its initial concentration. This specimen was dried and used in 
the preparation of kerateinc. 

Another alcohol-extracted sample of hair weigliing 14.23 Gm, was placed 
in 250 c.c. of sodium arsenite solution containing 0.02 mg. AS2O3 per c.c. ^Host 
of the arsenic had been removed fi'om solution in twenty days. The II ion con- 
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ceiitration of the solution was kept between pH 5.3 and 5.6. When no further 
arsenic was removed from solution, NaOH was added to pH 11.8. A strong 
odor of hydrogen sulfide was perceptible, and the solution lieeame colored. The 
concentration of arsenic returned to the initial level in two days. 

Experiment 3. — 14.58 Gm. of alcohol-extracted hair were placed in 200 c.c. 
of sodium arsenite Inift'ered to irH 4.1 containing the equivalent of 3.4 mg. As^Os. 
At the end of five days there was no change in the concentration of arsenic. 

Separation of Cortex and Medulla. — An attempt was made to separate 
cortex and medulla following the method of Jordan-Lloyd and Harriott'- for 
goat hair to determine whether the arsenic was unevenly distributed in the hair 
shaft. Four N sodium hydroxide proved, however, to be too strong for human 
hair and there resulted a brown solution which left no residue on centrifuga- 
tion. This was also true with a 3.3 N. No further attempts were made. 

Adsorption of Arsenic hy Silk Fibroin. — The adsorptive power of silk 
fibroin was next tested to determine wliether a similar scleroprotein and a 
keratin would behave in an identical manner. There were placed 13.3 Gm. in 
250 c.c. of sodium arsenite solution containing 0.02 mg. AsoOs/c.e. There was 
no detectable decrease in the arsenic content of the solution after fourteen days. 
The initial coneenti-ation of aisenic in the fibroin was 0.23 mg. As.fi JlOO Gm., 
and the final 0.26 mg. 

Table V 


Extuactions op Fractions and B2 


FRACTION 

TREATilENT 

TOTAL AS2O3 

ASjO, 




mg. 

mg./Gm. 

per cent 


Initial 

0.-170 

0.232 



NaOH (0.1 per cent) refluxing for two hr. 

0.400 

0.229 

1 


HCl (0.1 per cent) refluxing for two hr. 

0.458 

0.227 

1 


Alcoholic acetic acid (1 per cent) 

0.058 

0.029 

S8 __ 

B2 

Initial 

0.95 

0.232 



Alcohol, refluxing for four hr. 

0.93 

0.228 

2 


Alcohol, refluxing for twenty hr. 

0.90 

0.220 

3 


Alcoholic HCl (0.1 per cent) 

0.89 

0.218 , 

1 


HjO- (3 per cent) at 20° for twelve hr. 

O.SS 

0.210 



H 2 O 2 (3 per cent) refluxing for four hr. 

0.70 

0.187 



NaOH (0.1 per cent) refluxing for one hr. 

0.74 

0.182 



HCl (0.1 per cent) refluxing for one hr. 

0.71 

0.174 



Alcoholic formic acid (1 per cent) 

0.70 

0.172 



Adsorption of Arsenic on Kerateine. — The hair remaining from Experim®'*^ 
2 with adsox'bed arsenic was treated after the manner of Goddard and , 

with a solution of sodium thioglycolate (0.5M) of pH 11.4. When the hah 
dissolved completely, the kerateine was precipitated by acidifying to pH • ^ 
was centrifuged; the precipitate was redissolved in 0.1 per cent sodium c 
bonate and repreeipitated. This was repeated three times. The materia i ‘ 
then dried, ashed, and the arsenic content v/as determined. Another 
of normal hair which had not been exposed to arsenic in solution ivas a ® 
verted to kerateine and analysed. The results were as follows: norma i > 
0.10 mg. per 100 Gm. ; kerateine derivative, 0.086 mg. ; hair exposed to 
0.13 mg.; kerateine derivative, 0.015 mg. In the case of normal hair 
followed the kerateine derivate, but this was not true for the hair with a soi 
arsenic. 
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DISCUSSION 

Sfost iiivestigiliors and niuilysts Imvo hccii content to lYRsii hair in water 
prior to analysis for its arsenic content and to assume tliis sufficient to remove 
any external arsenical eontainiuation, Yfiiln-cr' extended this treatment to 
several washings with boiling water and 96 per cent alcohol in the cold for the 
estimation of the normal arsenic in Imman hair His values ranged from less 
than 0.005 up to 0.095 nig. As^O^ per 100 Giii. Iiair. Slost of his 30 specimens, 
however, were less than 0.03S mg., and this agrees astonishingly well with onr 
values on specimens of extiaeted hair. The pivhJem of differentiation between 
araenio originating from a liematogeiioii.s source and that from external sources 
seems to have been appreciated only by Smith and Hendry.” These investi- 
gators have suggested tentatively tliat pi-olonged .soaking in water wonid dif- 
ferentiate between arsenic absorbed in vivo and arsenic resulting from external 
contamination, or what wo have called “internar’ and “external” .aisenic in 
this paper. On the other hand, they state that only 40 per cent of the arsenic 
absorbed from a solution of sodium ai'senite by hair could be removed after 
fifteen days' soaking in water cimnged every day. Tlie e.xperiments given above, 
however, demonstrate that such arsenic can be removed to the extent of 6fi 
per cent by water alone and oven 74 per cent by other agents. This is unfor- 
tunately also true in genera] for arsenic originating in vivo. 

The objection miglit be raised that the treatment of two hours in boiling 
0.1 per cent NaOH or HCl ivas too drastic. It nnisf be realized, however, that 
despite this treatment some ai'scnie remains fixed in the hair, whether originating 
"internally” or "externally.” It is possible that the isoelectric point of keratin 
at pH 4.9 plays a role in this phenomenon and that the absorption is chemical 
as well as physical. The fact that fibroin is inert and differs ehemioally from 
hair keratin as regards its sulfhydryl and disulfide groupings is niso suggestive 
of chemical “fixation” of arsenic. This explanation is also suggested on the 
basis of the kerateine experiments. 

We are therefore forced to the eonelusion that it is not possible to ditferenti- 
ate between arsenic originating intenially from that of external origin. High 
values will still be of importance from a medicolegal point of view, but low 
values reguire definite evidence of absence of exposure to exteinal sources. Our 
guinea pig experiments would suggest that to retain hematogenons aisenie, soak- 
ing in water for a few hours and washing with alcohol are all that are permissible. 
This procedure, however, will not remove arsenic from exteinal contamination. 

SUMM.lRi- 

Tests have been carried out to determine the effect of treating human hair 
prior to estimating its aixenie content in medicolegal practice. Ethanol or ether 
followed by dilute hydroehloric acid and sodium hydroxide removed 70 to 90 
per cent of the arsenic present. This procedure, however, also extracted over 
90 per cent in guinea pig hair after parenteral administration. 

Hair soaked in sodium arsenite solution absorbed arsenic slowly over .sev- 
eral weelis. This arsenic was removable to the extent of 66 per cent by distilled 
Water. An additional S per cent could be extracted only with gicat difficully 
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centration of the solution was kept between pH 5.3 and 5.6. When no further 
arsenic was removed from solution, NaOH was added to pH 11.8. A strong 
odor of liydrogon sulfide was perceptible, and the solution became colored. The 
concentration of arsenic returned to the initial level in two days. 

Experiment 3. — 14.58 Gm. of alcohol-extracted hair were placed in 200 c.e. 
of sodium arsenite buffered to pH 4.1 containing- the equivalent of 3.4 mg. As^Oj. 
At the end of five days there was no change in the concentration of arsenic. 

Separation of Cortex and Medulla . — An attempt was made to separate 
cortex and medulla following the method of Jordan-Lloyd and Jlarriott'^ for 
goat hair to determine whether the arsenic was unevenly distributed in the hair 
shaft. Four N sodium h 3 ulroxidc proved, h.owever, to lie too strong for human 
hair and there resulted a brown solution which left no residue on centrifuga- 
tion. This was also true with a 3.3 N. No further attempts were made. 

Adsorption of Arsenic hy Silk Fibroin . — The adsorptive power of silk 
fibroin was next tested to determine whether a similar scleroprotein and a 
keratin would behave in an identical manner. There were pilaced 13.3 Gm. in 
250 e.c. of sodium arsenite solution containing 0.02 mg. As^Oj/c.c. There was 
no detectable decrease in the arsenic content of the solution after fourteen days. 
The initial concentration of arsenic in the fibroin was 0.23 mg. xVs^Oj/lOO Gm., 
and the final 0.26 mg. 

Table V 

Extr.wtions of Fr-vctioxs Bi axd B - 

FRACTION 
Bl. 


B2 


TRE.CTitENT 


Initial 

NaOH (0.1 per cent) refluxing for two hr. 
HCl (0.1 per cent) refluxing for two hr. 
Alcoholic acetic acid (1 per cent) 


Initial 

Alcohol, refluxing for four hr. 

Alcohol, refluxing for twenty hr. 

Alcoholic HCl (0.1 per cent) 

ItjOj (3 per cent) at 20° for twelve hr. 
H.O, (3 per cent) refluxing for four lir. 
NaOH (0.1 per cent) refluxing for ono lir. 
HCl (0.1 per cent) refluxing for one hr. 
Alcoholic formic acid (1 per cent) 


TOTAL ASjOj 


mg. 

0.470 

0.460 

0.458 

0.058 


0.95 

0.93 

0.90 

0.89 

0.88 

0.70 

0.74 

0.71 

0.70 


AS-Oj 


nig./Gm. 

0.232 

0.229 

0.227 

0,029 


0.232 

0.228 

0.220 

0.218 

0.210 

0.187 

0.182 

0.174 

0.172 


EECRE-^S 

per cent , 

1 

1 

S8 _ 


3 

1 

1 

14 

J 

5 

1 


Adsorption of Arsenic on Kerateine . — The hair remaining from 
2 with adsorbed arsenic was treated after the manner of Goddard and Mic 
with a solution of sodium thiogljmolate (0.5M) of pH 11.4. Wlien the imu 
dissolved completely, the kerateine was precipitated by acidifying to p 
was centrifuged ; the precipitate was redissolved in 0.1 per cent so n 
bonate and reprecipitated. This was repeated three times. The 
then dried, ashed, and the arsenic content v/as determined. Anothei sp 


of normal hair which had not been exposed to arsenic in solution was 


also con- 
normal 


verted to kerateine and analysed. The results were as follows : — 
0.10 mg. per 100 Gm. ; kerateine derivative, 0.086 mg. ; hair exposed to 
0.13 mg. ; kerateine derivative, 0.015 mg. In the case of normal ban 
followed the kerateine derivate, but this was not true for the hair wit i o 


arsenic. 


DETEUi^tlNATION OF AMJtONIA IN TUB URINE* 


Asthoxv a. Aujanese, Ph.D., Baltuiore, AId. 


E fforts to Cllniinate some of the inconvenience prevailing in the determina- 
tion of ammonia by the Van Slykc aeration technique' led to the construc- 
tion of an apparatus of new design, the description and oi)cratioii of which are 
presented here. Briefly, the novel features consist of a permanently connected 
aeration and receiving chamber so iKssembled that the alkali solution is admitted 
into a closed system which obviates the possible loss of ammonia inherent to tlie 
addition of solid alkali into an open system. 

Apparatus and Sohifions . — The apparatus 1) consists of tlie follow- 

ing stock units: One 500 e.e. Drcchscl gas washing bottle (F); one 300 c.c. 
cylindrical open top separately funnel (A) ; one single bulb straight calcium 
chloride tube, 200 mm. long (J3); one drain tube marked at 10 c.c. intervals 
{C) ; two outlet aeration bulbs; two hose cock clamps; several glass bends made 
of 6 mm. tubing. These various items arc suitably mounted on a ring stand and 
assembled witli alkali-boiled rubber tubing and stoppers. 

Solutions . — The following are required- 0.05 N hydrochloric aeid contain- 
ing metliyi red, 0.05 N sodium hydro.xidc, 0.0125 N ammoniinn sulfate, SO per 
cent potassium carbonate, 10 per cent castor oil in 95 per cent etlianol. 

Procedure . — The stopper of receiving cliamber A is lifted and 10 c.c. 0.05 
N HCl are added from a pipette. The volume of solution is increased to the 50 
c.c. mark with distilled water. Now, the stopper of aeration chamber B Is raised 
and distilled water is added to maik 1; 5 c.c. of urine or a suitable volume of 
any sample containing 0.3 to 2.0 mg. ammonia N is pipetted into this chamber ; 
distilled water is added to mark 2, and finally a few drops of castor oil solution 
are added to inliibit excessive foaming. Both stoppers are made secure, and 
10 c.c. of SO per cent KjCOj are run into B from alkali reservoir C by manipula- 
tion of hose cock Clamp L The trapped suction is turned at half optimal speed 
for two minutes and at optimal speed for eight minutes. The optimal speed is 
determined by the aeration rate which can be maintained without entraining 
fluids into the outlet tubes. This is prevented to a great e.xtent by llic use of 
U-tubc endings for the aeration outlets as shown in tlie diagram. The duration 
of aeration necessarily varies with aspiratoi-s and .should be dotormined by 
running a cheek with- 5 c.c. of 0.0125 N(NH 4 ) 2 SO^ (0.875 mg. N). When the 
requisite aeration period has elapsed, the suction trap is opened, the aspirator 
turned off, and stoppers to chambers A and B arc loosened. The contents and 
wasliings of A arc run into the 125 c.c. Erlenmeycr flask ]) and tlie amount of 
ammonia collected is determined by back titration with 0.05 N NaOII. The 

•From the Harriet Lane Home, Johns Hopkins Hospital and the Department of Pediatrics. 
Johns Hopkins University. 
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residue solution in B is disearded to the waste by releasing hose cock Clamp II, 
Both chambers are rinsed out thoroughly before the next determination. 

Performance Tests. — A. The apparatus and method described below have 
been in use in this laboratory for more than two years, during which time more 
than 1500 ammonia determinations have been done. It has been found that 



Piff. 1. 


t^vble I 

Eecoveky op Asimonia-N Proji the Addition op Ammonium Sulfate and 


5 c.c. urine 

5 c.c. urine + (]SIH 4 ).S 04 
5 c.c. urine + (NHjI.SO, 
5 c.c. urine + urea 
5 c.c. urine + urea 


NITROGEN 

ADDED 

MG. 

0 

0.69 

1.390 

4.50 


AMMONIA-N 

POUND 

MQ. 

1.33 
1.99 
2.73 

1.34 
1.36 


ammonia-n 

RECOVERED 

MG. 

0 

0.60 

1.40 

0.01 

0.03 


Ure.1 to Urin® 

AMMONiHr 

recovered 

pebce^ 

0 

95.S 
100.1 
0.22 
0.22 _ 
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duplicate cleteriu illations clieek easily within 0.1 per cent. The results of tests 
shown in Talilc I indicate the recovery of added aninionia-N to lie quantitative 
and the interference of urea to be negligible. 

Stminarif . — A new apparatus for the determination of ammonia has been 
described. It offers great case of operation and accuracy. 

REFERENCE 

I. Van Slyke, D. D., and Cullen, G. E.; A Permanent Preparation of Urease, and Its Use 
in the Determination of Urea, .T, Biol. Ghein. 19: 2J1, 1014. 


Corrections 

In the article “Permanent ^Metaeliromatic Staining of Gastric Mucus 
Smears” by !lManfrecl Hess and Franklin Hollander in the March issue of this 
Journal 29; 321, 1944, page 322, line 22 should read: “through two changes 
of 1 per cent IICl (1 c.e, of IICl, specific gravity 1.18, to 99 c.c. of distilled 
water).” 

The use of 9 c.c. of water will yield a 10 per cent solution of IICl, which 
completely nullifies the metachromatic effect. 

In the article “Studie.s on a Polysaccharide Prom the Tubercle Bacillus” 
appearing in the ^Farch issue of the Jouk.nal. page 233, Table I. the route of 
injection should be I.Q. and not I.V. On page 234, in Table II, the average time 
of appearance in minimal ca.ses is 3.8, not 38 hoims. 


It is with deep sorrow that we have just learned of the sudden death of 
Dr. Warren T. Vaughan, Richmond, Va., on April 2. Dr. Vaughan served as 
Editor of this Journal since October, 1923. An extended obituary Avill appear 
in a later Issue. 



BOOK NOTICES 


Biochemistry for Medical Students* 

new edition of Thorpe’s Biochemistry for Medical Students warrants careful cou- 
•t sideratiou by teachers of biochemistry in medical, dental and pharmacy schools. The 
order of presentation of the various subjects :ippeuls greatly to the reviewer. For example, 
only a short chapter is devoted to digestion in general, leaving the specific digestion of 
the various energy foodstuffs to be discussed in the chapters dealing with their utiliz.atioii. 
In these chapters digestion, absorption and intermediary metabolism are discussed in sequence. 
The chapter on lipids does not present as much of the recent conceptions of fat metabolism 
as would seem desirable. This is especially true of the section dealing with ketogenesis. 
A chapter on the utilization of oxj'gen and excretion of carbon dioxide has been added in 
this edition. The text on the whole is excellent. 

J. C. Fokbes 


The Pharmacology of the Opium Alkaloids! 

' I ■ HIS is truly a monunieutal work covering every phase of the pharmacology of this most 
important group of compounds in detail. In the foreword by the late Doctor C. 
Edmonds is presented the historical background in connection with the development of tins 
review. The bibliography contains more than 9,000 references beginning with the date o 
1800 and going through 1942. These two volumes will be of much interest to every member 
of the medical profession; tho}- are “must” books for pharmacologists. 

H. B. HbvG 


♦Biochemistry for Medical Students. By William Veale Thorpe, M.A. 

(London). Reader in Chemical Physiology, University of Birmingliam. T^huu 1943 . 

39 illustrations, 476 pages, 34.50. The AVilliams and Wilkins Company, Baltimo ’ 3^,1 

tThe Pharmacology of the Opium Alkaloids. By Hugo Krueger, Nathan B. ’> 1 

Margaret Sumwalt. Supplement No. 165 to the Public Healtli Report^ 

891 pages; part 2, 775 pages. United States Government Printing Olhee, was 
and 1943. 
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1893* 1944 

A LIj too soon, dcatli came, as it does to all men, great and small, to Warren 
Taylor Vaughan on April 2, 1944, in the early morning. Death struck 
with lightning swiftness and halted the dictations of thoughts from one of the 
hcenest contemporary minds and one of the most prolific pens of the past two 
decades. Warren Vauglian had earned for himself the rare title of “The famous 
son of a famous father.” He was the youngest of the five sons of Victor C. 
Vaughan, dean of the University of Michigan Department of I\Iedicine and 
Surgery for thirty years, founder and editor of The Jouu^:.\L op L vhoratory and 
Clinical Medicine, He followed in his fatlier’s footsteps and carried on in 
the editorship of this Jounial in enviable style. He was one of the founders 
and an associate editor of The Journal of AlUrf/y. lie has contributed about 
Uyo hundred articles to current medical literature. 

Warren Vaughan’s opus magnum, Practice of Allergy (1939), is out- 
standing in its field His Primer of Allergy (1939, 1944) and a popular best 
seller. Strange Malady, both for tlic laymen, have been boons to sufferers. He 
was a pioneer inteniist allergist, worked untiringly for the application of the 
scientific principles of immunologj% and wrote the early text on Allergy and 
Applied Immunology (1931). He has thus contributed immeasurably to the 
scientific development of this field. He was a founder, secretary general and 
treasurer (192S-1938), and in 1939 president of the American Association for 
the Study of Allergy. In tlie same year he Jicld the presidency of tlie Society 
for the Study of ^Ssthma and Allied Conditions. He was a member of the 
American Rheumatism Association, the Society of Investigative Dermatology, 
the International Society for Gastroenterology, and an lionorary member of 
the Institute for the Practice of Medicine, Barcelona, Spain, and the Society 
for the Study of Allergy, Argentina. He served as a member of tlie councils 
of many nationally important organizations. 

He received honors from various medical and honorary societies, and his 
Alma Mater bestowed upon him the honorary degree of blaster of Science at 
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the Alumni Convocation on Founders’ Day, October 4, 1941. At this time 
he delivered a very erudite and philosophic paper upon his unusual philosophy 
of life and his conceptions of duties and ideals. lie was a crusader for the 
establishment and the maintenance of high ideals and higli standards of prac- 
tice and of research especially in his highly specialized field of medical prac- 
tice. He was a leader, not only in allergy, but also in the broad field of internal 
medicine in which he was certified as a specialist by the American Board of In- 
ternal jMedicine. In this Journal he wielded an influence for unproved close 
relationships between laboratory and clinical medicine. He inspired his con- 
tributors in both experimental and clinical circles. 

Warren Vaughan had an unusual ability for leadership that was evident 
even in his college days. In the medical school classes he was a great stimulus 
to all who had the privilege of knowing him. I was one of those fortunate 
enough to be close to him. His habits were exemplary. He encouraged the 
highest scholarship and accomplished the same for himself. In definitely un- 
sol vable controversial matters, he took a sane middle-of-the-road attitude. He 
was an ardent supporter of whatever he deemed was right and was sharply 
critical of wrong, unethical, and dishonest actions. In his medical school days 
he was elected to the honorary fraternities of Alpha Omega Alpha and Sigma Xi. 
In his college days he was active in improving the standards of the fraternities. 
He was a member of Beta Theta Pi and Phi Rho Sigma of which he was author 
of the ritual and a councilor for many years. 

Upon graduation from the University of Michigan in 1916 ho served as 
house officer at the Peter Bent Brigham Hospital and won such distinction 
that ever afterward Michigan men had a definite advantage when they applied 
for service under “The Professor.” Dr. Henry A. Christian was always hi.s 
ideal of the master clinician. On completion of his house officership he accepte 
a position on the Harvard Medical School faculty* in the Department of Pub ic 
Health and Hygiene under ililton J. Rosenau. He took advantage of t e 
abundant opportunities for the practice of preventive medicine in the field o 
internal medicine. When World AVar I was declared, he entered the Aime 
Forces and rose rapidly through all grades from the rank of first lieutenant to 
that of lieutenant colonel and chief of the medical service Camp Hospital 
American Expeditionary Forces, Is-sur-tille, France. He returned to cwm‘ 
life and practice in 1920 and chose Richmond, AUrginia, as the place in w 
to do his lifework. He was director of the Vaughan-Graham Clinic, 
contributed gi’eatly to the high position of the practice of the art and especia ) 
of the science of medicine in that community. . 

AVarren A^aughan assumed vaiaous editorial duties; in addition to his 
torship of this Journal and a.ssociate editorship of The Journal of AlleiTJi 
acted as collaborating editor of Folia clinica chiinica ct microscoptcu 
Bologna, ItalyL He was on the editorial board of The American 
Digestive Diseases and the American Journal of Clinical Faihologil- 
a former member of the editorial board of The American J ournal of UP ‘ 
Gonorrhea, and Venereal Diseases, and of 'The lieview of Gastroentei ologil-^^^^^^ 

He was a member of the Conunittee on the Cost of Aledical Care; ^ 
of the Committees of Aerobiology and of Food Habits of the National 
Council; member since 1918 and, since 1938 on the council, of the Ameu 
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Associalioii for the Advancement of Science, member of tJie Researcli Coiuicil 
on Problems of Alcoiiol. lie \vas active in iJie AmciicaJi Society of Clinical 
Pathologists, the ^Medical Society of Virginia (vice-president 1031-1932), Vir- 
ginia Academy' of Sciences, tlie Soutliorn Medical Association, and the American 
Medical Association. He was a member of the Commonwealtli Club. 

Ill 1917 he maiTicd Emma Elizabeth Heath. To them were born four sons, 
Victor Clarence III, ’Warren Taylor, Jr., John Heatli, and David DiiPuy. His 
sous are carrying on the family tradition, the two older having received their 
medical degrees from Harvard Medical School and tlie two younger being stii- 
dents there. 

Warren Vaughan will be greatly missed by every one of his many friends 
who have depended upon him for wise council. He died entirely loo soon. We 
are prepared to accept as inevitable the passing of our older teachers, but we 
irreligiousl}^ protest the premature passing of our contemporaries just entering 
upon the promising harvest years of life. The abrupt premature closing of 
WaiTcii Vaughan’s scientific and medical career .and hi.s editorial woik is bit- 
terly lamented, but Iii.s personal cliarm, his inspiring interest in men and in 
science will long be remembered and will stiiniilale many to carry on in the 
high tradition that ho forcefully e-xemplified. 

— George Herrmann. 



CLINICAL AND EXPERIMENTAL 


THE EPPBOT OP CHEMOTHERAPEUTIC SULFA DRUGS UPON THE 
GROWTH OF oi-HEMOLYTICUS STREPTOCOCCUS* 


William Bikrjian, M.D., Gkegoky Shw'aktzjiam, jH.D., and 
Sylvia I. Rosenberg, B.A., New York, N. Y, 


T he recovery of a few patients from subacute bacterial endocarditis when 
treated bj" comliined fever and elicmical therapies’ suggested some investiga- 
tions as to the rationale of tliis method of treatment. With this object in mind, 
attempts were made to determine whether the susceptibilit}’' of of-heraolyticns 
Streptoeoeeus, commonly found in this disease, could be modified in vitro by 
varying the conditions of cultivation, with special reference to the temperature 
of incubation. In order to study closely this relationsliip, it was deemed ad- 
visable to find the requirements for growtli of the strain selected. Furthermore, 
a method^ was developed to bring the drugs tested into continuous contact with 
the microorganisms by bubbling a suitable mixture of gases through the cultures 
during incubation. This method served also to assure a uniform temperature of 
the medium. By the use of various media it was possible to obtain growt 
curves, differing in the duration of tlic lag period, tire phase of logavithime 
growth, and tire phase of decline. The results of the studies on the effect o 
sulfonamides on grorvth of a-hemolyticus Streptococcus under various con i 
tions are embodied in this paper. 


experimental 


A strain of a-hemolytieus Streptococcus, olitained from the blood of a 
tient suffering from subacute bacterial endocarditis, is the microorganism use 
throughout these experiments. The strain failed to ferment esculin, was to J 
by exposure at 60° C. for half an hour, and was bile-insoluble. It was mam 
tained by daily transplants in 1 per cent glucose broth incubated at 37.a 
The cultures showed spontaneous agglutination forming granular deposits ■'* 
the bottom and along the sides of the tube. After twenty-four hours of 
tion, colonies appearing on the surface of “pour” plates of 1 per cent gu 
agar and rabbit blood were discrete, small, slightly raised, and granular, 
forty-eight hours the colonies became larger and more irregular. 
serial transplants of supernatant of glucose-broth cultures into “buffer 
were made, care being exercised to avoid transfer of the granular deposits. 
“buffer” veal infusion broth contained 1 per cent peptone (Pairchi 
0.2 per cent sodium phosphate at final pH 7.4. Thus, after two transp an s, 


♦From the Laboratories and the Department of Physical Therapy of 
Hospital. 
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colonies oji ogar plates appeared linely granular and the broth cultures uni- 
formly turbid. Tiie “smoolli" ehai'aetemtu-.'i of fljc cultures lasted for approx- 
imately four days; lafor a reversal to previous appeai-anee was observed in ail 
cultures. 

1. STUDIES ON OPTUIU-M REQUIREMENTS TOR Cfl.TlVATION OP THE STRAIN OP 
o-IIEMOLYTlCUS STREPTOrOCCUS USED 

Tlic j)urpose of these expeiamenis uas to detoiniiue the ett’ect of various 
factors upon the growth of the strain selected bft<»r(’ pi'occeding with the main 
studies. The following i.s a s)ioi*t description of tlie findings; 

A. Chart I illustrates the effect of different gas mixtures upon the growth 
of the .strain of «-heinolytieus Streptococcus in 1 {kt cent giuco.se !>rolh at 37.5’^ 
C. and initial pll T.6. 



Chart 1. — Till’ rjffct of sas nnxtuics upon tho jreowth <«f Stfc^itoroct ut tin/ions. 

107^ COj 

107# CO;. 57c Os. So7c Ns 

57c CO;. 357c Os 

257c COs. 757o 0* 

Incubation temperature 37.5 C. Medium 1 per cent glucose broth pH 7.6. 

Cliart I illustrates the growth cun’e.s obtained with various gas mixtures 
The mixture consisting of 10 per cent CO,, b per cent 0«, and 85 per cent N, 
produced a short lag period. The active logarithmic phase began in less than 
five hours following inoculation and continued for a period of twenty lionrs. 
This gas mixture was employed in all tJie cxperiinent.s about to be reported in 
thi.s paper. Tiic apparatus previously described was used.- A series of culture 
tubes was always itnmei'sed at a depth where the level of tlie fiuid in the tubc.s 
^vas below tlie level of the water in the water bath. Each tulm containing 30 e.c. 
of 0.4 per cent glucose broth and seeded with 1 e.e of an IS-hour broth culture 
of the inicroorgaiiism was maintained in the water batli at the desired tempera- 
ture. The mixture of gases was constantly' bubbled tlirough the media at a 
regulated speed, keeping tlie microorgamsms in constant agitation and in im- 
mediate contact with tlie medium. The pII range used was 7.4 to 7.8. Tlie bac- 
terial counts were made by determining the number of colonies on “pour” 
plates of 1 per cent glucose agar and rabbit blood, seeded with 1 e.c. of the ma- 
terial tested at 6-, 24-, and 30-hour intervals. 
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B. In experiments described below, a-liemolyticiis Streptococcus was grown 
in various media incubated at diflerent temperatures as indicated in Cliarts II 
and III. 

One cubic centimeter ol an IS-liour broth culture ol tlie microorganism was 
seeded into each medium, and the gas inLxture was bubbled through the media. 
Here again, samples were removed for bacterial counts at the beginning of the 
experiment and at 6-, 24-, and 30-hour intervals. 

The results recorded in Charts II and III bring out the fact that the 
strain of a-hemolyticus Streptococcus used may be cultivated at a wide tem- 
perature range. The higher the temperature, the sliorter is the lag period. On 
the other hand, at 37.5° C. the logarithmic phase is of longer duration and the 
decline is slower than in the same media at higher temperature. The pliase of 
decline roughly but consistently parallels tlie drop in the pH of the cultures. 
For this reason, the longest logarithmic phase is obtained in tlie best buffered 
medium eontaining rabbit serum and the most rapid decline in media containing 
glucose. Having completed the observations on the cultivation of a-heniolyticus 
Streptococcus under various conditions, experiments were carried out on the 
effect of certain sulfa drugs upon the giwth of this strain. 



Chart ll. — The effect of temperature upon the growth of Streiitococcun 

39 C 

39.6 C 

■ ■ ■ ■ ■ ■ n I per cent 

Gas mixture; 10 per cent CO: + 5 per cent O: + 8 per cent N:. Medium, e-’ 
glucose broth pH 7.4. 


2. THE EFFECT OF SULFA DRUGS UPON THE GROWTH OP a-HEMOLYTICUS 

STREPTOCOCCUS 

A. Various amounts of sulfanilamide were added to 30 c.c. of 0.4 ^ 

glucose broth of initial pH 7.4, thus giving final concentrations of 1 :1500, 1--- ’ 

1 :3000, and 1 :6000. The tubes containing the mixtures were then seede 
with 1 c.c. of an 18-hour broth culture of the microorganism. The „ 
bubbled through at a regulated speed. The temperatures tested were 39 , • ’ 

40°, 40.5°, 41°, and 41.5° C. At the beginning of the experiment an ^ 
intervals of 6, 24, and 30 hours, samples were removed for bacterial conn s. 




Log of numbei* of microorganisms 
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It is seen from Chart IV that the various concentrations of the driiji: tested 
at various temperatures had no significant effect upon the growth of a-hemolyti- 
cus Streptococcus. The growth curves were quite similar to the respective con- 
trols. 

B. TJic effect of various sulfa compounds inrhidino snlfanilamidc on the 
a-hcmolyticus Streptococcus was tested as follows; 

Scries Kumher 1 

Tube 1, 30 c.c. plain broth + 1.5 c.c. inactivated rabbit serum + 

10 mg. sulfanilamide 

Tube 2, 30 c.c. plain broth + 15 c.c. inactivated rabbit serujii + 

10 mg. sodium sulfaiiyridinc 

Tube 3, 30 c.c. plain broth + 1.5 ee. inactivated rabbit .scrum + 

10 mg. sodium sulfaihiazolc 

Tube 4, 30 c.c. plain brotli + 1.5 e.c. inactivated rabbit serum 
(control) 



ChHjt HI. Tlie effect of tcmpcratuie upon the growUi of Sfrcpfococcits vtrula’i^ In vari- 

ous media. 

. — ■■■ . ■ — “ Plain brotli — Rabbit Scrum 
» ■ ■ » — ^ 1 per cent Glucose JSroth 

j per cent Glucose Droth — Rabbit Scrum 
— • f plain iirolh 

Gas mixture. 10 per cent CO* + 3 per cent Os +85 per cent Ns. 

Scries Numher 2 

Tube 1, 30 c.c. plain broth + 1.5 c.e. iiuietivatcd rabbit .serum + 

10 nig. sulfadiazine 

Tube 2, 30 c.c. plain broth + 1.5 c.c. inaetivaled rahhit .serum + 

10 mg. sulfaguanidino 




log of number of tiuoroorgoniBniB 
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Tube 3, 30 c.c. plain broth + 1.5 c.c. inactivated rabbit serum + 
10 mg. promin 

Tube 4, 30 c.c. plain broth + 1.5 c.c. inactivated rabbit serum 
(control) 


The final concentration of sulfa drugs in the media was 1 :3150. 

Each tube was seeded with 1 c.c. of an IS-hour broth culture of the micro- 
organism. The initial pH was 7.4, the gas mixture was constantly Imbblcd 
through, and the temperatures tested were 37.5° and 40° C. Samples wore re- 
moved for bacterial counts at the beginning of the experiment and after 6-, 
24-, and 30-hour intervals. 




Time in. hours 

Chart IV. — The effect of various concentrations of sulfanilamide upon growth of SUcl 
cocoas viridans at various temperatures. jjrotli 

Gas mixture: 10 per cent CO 2 + 5 per cent O: -t N-. Medium: 0.4 per cent glut® 
pH 7.4. 


Here again the sulfonamide compounds did not produce any 
effect upon the growth of the strain of a-hemolyticus Streptococcus 
may be seen from the examination of the counts of control cultures tliat 
growth curves were obtained by the use of a wide temperature range an 
erent media. The compounds tested failed, however, to inhibit the giow 
under the least and the most suitable conditions of cultivation. 
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COMMENT 

In the 'woric embodied in tliis papcT, tin* cITcH of various sulfa compounds 
upon the growth of a strain of rt-hemolyticus tstreplocoecns isolated from the 
blood of a patient suffering from subacute bactcT idl endocarditis was determined 
by counting viable nucroorganisnis in samples removed at frequent intervals 
from control and experimental cultures. The exiierimental setup used here 
was the same as previously described.® It permiticd flic frequent removal of 
samples without any interference with the growth and without change in the 
iiieubatiou temperature. It was aecomplislied by raising slightly the pressure of 
the gas mixture continuously bubbled through the eultiirD and siphoning off 
the medium through a side tube. The gas mixtures u.scd were releoted after 
aseertainiug their favorable effect upon growth. They were also responsible 
for continuous agitation of the cultures. Thus, the drugs tested were brought 
into constant contact with the niicioorganism. The agitation was considered 
important in the work in which ur-hemol.vtiens .Streptococcus, having a strong 
tendency to form clumps and settle at the bottom of the fluid medium cultures, 
had to he employed. Incubation of eiiltiires in a water bath with o- sensitive 
therraoregulatiug mechanism and constant stiri'ing* offered an opportiuiity for 
reliable and acourato temperature control which could be easily and quicicly 
changed to any desired level. The different features of flic method of cultiva- 
tion described were used for various studies by previous authors singly and in- 
combinations; to mention only the most recent studies of Longsworth and 
JIaeInnes®' * on stabilization of pH in baeleriai cultures; of Carpenter and 
IVingato® on cultivation of mieroorganisms at various tomperatuios; and of 
llagoon and Brunstefter® on eultivalion of baetci'ia in constantly agitated media. 
It may be stated, however, that the eonibination of the various features in a 
somewhat simplified foim served well the partieiil.ir investigation described in 
this paper. 

\V'ith special reference to the problem of this invesfigafiou, certain points 
should be emphasized. 

The effects of sulfa compounds on a-hemolyticus Streptoeocens (Slrcpto- 
coccus viridci7is) received considerable attention of a number of previous in- 
vestigators: 

It seems that there exist considerable variations in the susceptibility of 
different strains to this group of drugs. According to Bliss, Long, and Pern- 
stone,' most of the a-liemolytieus Sti-eptococcus strains have proved susceptible 
to 1 ;10,000 concentratiou of sulfanilamide. Some of the strains which were re- 
sistant were strains of Stre 2 >tococcus faecalh, enterococcus being clearly resistant 
to the drugs (Meter®). According to Maegraith and VoHum," the growth of 
a-hemolytiens Streptococcus was affected by the drugs only in the presence of 
leucocytes. Bratton'” investigated bacteriostatic effects of the drugs upon 
three freshly isolated strains of a-hemolyticus Streptococcus and found no effect 
on two strains, while for the third strain sulfanilamide was bacteriostatic in 
a concentration of 1 .1000 and bactericidal in a concentration of 1 :500. Prosep- 
tasiiic had no effect; solusepfasine was baeterioslatic in 1.25 per cent and bac- 

•Pi5her Scientiflo Company, Constant Temperature Water Bath, Fislicr Unitized Water 
Bath, CatalofiTue No. 15-444. 
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tericidal in 25 per cent ; T 607 was liacteriostatic in a eonccnlration of 1 :4400; 
Avliilc T 626 was bactcrioslatic in a conccntral ion of 1:20,000 and bactericidal 
in a coneenlration of 1:10,000. Swain” determined the effect of -4 :4'-diaaiiiio- 
diphenyl sulfone, sulfapyridine, and snlfanilamide upon four strains of a-liemo- 
lyticus Streptococcus isolated from cases of subacute bacterial endocarditis 
treated Avitli the drugs. The tivo strains isolated from eases shoiving clinical 
improvement were susceptible, Avhile the strains isolated from eases Avluch failed 
to respond to the treatment were resistant to the drugs in vitro. Treadway’- 
also reported that four strains of the a-hemolyticus Streptococcus shoived ividc 
variation in response to the drugs, sulfathiazole being the most effective. 



Time in hours 

Chart V. — The effect of sulfanilamide, sulfadiazine, sulfathiazole, 
promin, and sulfag-uanidine upon growth of a-hemolyticus Streptococcus at vano 
atures. 

• Control 

Sulfadiazine 

— Sulfapromin — 

. — . — . — . — - — . — Sulf aguanidine . — . — . — . — . — . 

Gas Mixture : 10 per cent CO 2 + 5 per cent O 2 + 85 per cent N 2 . 


SuifMilan’id® 

SulfaUiiazole 

Sulfapyrit'’"'’ 


The cause of the variation in susceptibility of a-hemolyticns Streptococcus 
to the drugs in vitro still remains obscure. Gay, Clark, Street, and illiles 
reported that they Avere able to obtain killing of Streptococcus by sulfao’ am' 
by 1 :5000 concentrations in broth, Avhen the cultures Avere incubated c 
39 and 40° C. Bacteiaa grcAv more sloAvly and to a loAver peak at 40 C. 
at 37° C. 






BiatMAN ET AL. : SULPA DRUGS AND a-lIEilOEYTICUS STREPTOCOCCUS 461 

In the investigatioji peported in this papei- a single sfrain, freshly isolated 
from a human case of subacute bacterial endocarditis, was studied. Tlie strain 
pioved at once resistant to tlie effect of drugs under tlie ordinary conditions of 
cultivation. A series of experiments was then carried out to determine whetlier 
tliis resistance could bo changed under modified conditions of cultivation, i.e., 
various hydrogen-ion concentrations during the logaritlimic and stationaiy 
phase of growth; the use of more and less favorable media; and finally the 
emplojmient of various temperatures compatible witli growth. In this manner, 
.several fj'-pcs of growth curves were obtained; these differed in the duration 
and the level of the lag period, of the phase of logarithmic growtli, and of the 
stationary stage. Under the conditions tested, tlicrc was only insignificant 
bacteriostatic, and no clear-eut bactericidal effect obtained by the use of sulfa- 
nilamide, sodium sulfatliiazole, sodium sulfapj'ridinc, sulfaguanidine, sulfa- 
diazine, and promin. 

SUMMARY 

The inherent resistance to sulfanilamide and various sulfa compounds of 
a strain of a-Streptococcus hcmolyticus isolated from a human case of subacute 
bacterial endocarditis remained unchanged under both favorable and adverse 
conditions of cultivation in vitro. 
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EFFECT OF CERTAIN SALTS ON ACTIVITY OF SULFACETAMIDE* 


Bernard D. Pinck, M.D., Gladys L. Morton, B.S., and 
Marjorie R. Mattice, M.S., New York, N. Y. 


I T IS common knowledge that sodium citrate solutions are widelj' used in blad- 
der irrigations after transurethral surgery because of their anticoagulant 
propertiL For obvious reasons, one of us (B. D. P.) wished to add sulfacetamide 
to this irrigating solution. Before clinical use, however, it seemed wise to in- 
vestigate the bacteriologic behavior of the mixture inasmuch as sulfonamide 
derivatives are Imoivn to encounter “blocking” of their bacteriostatic actinty 
in the presence of various agents, such as para-aminobenzoic acid, peptones, 
methionine, and sugar. 

The first experiment with citrate and sulfacetamide produced such unex- 
pected results that it was decided to employ two other salts for comparative 
puryioses. Sodium acetate and sodium lactate xvere selected as representing 
anions which the drug must frequently meet in the body. Hoxvever, stronger 
solutions than those present under physiologic conditions were used for study. 
Since the 4 per cent sodium citrate solution is the one employed m urologic 
irrigations, this strength was prepared and the other two salts were made of 
equimolar concentration. 

METHOD 

Aqueous or dextrose broth solutions of each salt were prepared. The test 
sulfonamide xvas added to tliese in amounts equal to saturation in watei. 
Alkyuots (2.5 c.c.) were inoculated with 0.025 c.e. (0.1 e.c. of 1:4 dilution) 
of 18-honr dextrose broth cultures of the organisms. Control tubes were of h'O 
types: those containing solutions of the salts only, and those containing > 
sulfonamide solution alone. After 4- and 24-hour incubation periods, cultures 
were made for bacterial counts by plating in meat infusion agar to which pn^ 
aminobenzoic acid had been added. One-tenth c.c. and 0.1 c.c. of 1 :100 di u i 
were used for plating. All solutions were tested for sterility. 


RESULTS 

Sulfacetamide is regarded as an adequate bactericidal opponent 


of Rsc/irn’- 


cMa coli and is frequently employed in urinary tract infections. 


In these ex- 


periments, recently isolated strains of E. coli were employed, 
used gave typical reactions to the carbohydrates and were methyl red an 
positive. In the control tests using acpieous solutions of acetate, lactate, 
citrate, the organisms grew without restraint, and innumerable 
E. coli were produced on all plate.s, both in the 4- and 24-hour 
cetamide in aqueous solution xvas found to give complete sterilization m 
of three of the four strains tested after 24 hours’ incubation. Tie 
culture showed four colonies of E. coli in 0.1 c.c. after 24 hours. In hi^ 
taining sulfacetamide with acetate, innumerable colonies of E. coh wer 


dueed in both the 4- and 24-hour platings. "When the cultures weie 


made oiaik 
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ting the para-amiiiobenzoic acid, inliibition of growth of the E. coli was demon- 
strated, denoting a bacteriostatic rather than a ijaeteiacidal action. The bac- 
tericidal potency of the drug did not seem to tie impaired appreciably by tlio 
pi'csence of sodium lactate, all cultures showing a striking diniiiiutioii of growth 
in 24 iiours. This was true when euiturcd l)oIii with and without the additioii 
of para-aniinobenzoic acid to the media. The same ic.^iilts could not be repeated 
when sodium citrate was added with sulfacetamide to the culture media; in this 
instance bacterial growth was unimpaii-ed xind innameraI)Io colonies of E. coli 
were produced in 0.1 e.c. of 1:100 dilution in both liie 4- and 24-hour cultures. 
The omission of para-aminobenzoie acid did not alter this finding. The inter- 
ference of citrate ^Yith the antibacterial action of sulfacetamide was thus clearly 
demonstrated, and the drug was shown to be rendered inert in tlie presence of 
citrate. 

For purposes of comparison, it was deemed advisable to establish the ef- 
fect of these salts on other organisms. TJicrcforc, freshly isolated strains of 
Sfapliylococcxts aureus and Streptococcus heuwhjficus were employed with the 
particular sulfonamide considered efficacious against that organism. Sulfa* 
thiazole was tested ivitli staphylococci. TJic .same method of preparing tubes 
for incubation W'as used witli the single exception tliat meat infusion broth was 
employed and the appropriate sulfonamide dissolved in it. 

Four recently isolated strains of Staphylocoaus awreus were employed, and 
cultures were prepared in tlic method indicated. In tJic expennients where the 
test salts were acetate and lactate, the organisms survived unaltered. Even the 
addition of sulfathiazolo failed to rcstia'ct perceptibly flic colony count. When 
sulfathiazole alone was used, all tlio cultures disclosed innumerable colonies at 
4 and 24 hours, A marked inhibition in bacterial growth was demonstrated, 
however, in the tests containing sodium citrate and tJic mi.xture of citrate and 
sulfathiazolo. There ivas not a notcwortli}' difference between the control con- 
taining citrate alone and tJic mixture w'ith tlic sulfonamide. Although the lat- 
ter colony count was somewhat lower, it wms not significantly so. 

A similar result was obtained, using in the same manner three freshly iso- 
lated strains of hemolytic streptococci against sulfanilamide. Consistent ob- 
seiwations w'ere made, although the susceptibility of tJie various strains of 
streptococcus to the sulfanilamide W'a.s irregular. TJie results noted with the 
staphylococci were duplicated in these tests- The streptococci were inhibited by 
the solution of citrate in broth, and the inhibitory action was strikingly ap- 
parent in all studies in w'hicii mixtures of citrate and sulfanilamide were used. 
In, one case complete sterilization was obtained. The.sc preliminary studies 
indicate that sodium citrate, when added to culture media, inhibits the growth 
of staphylococcus and streiJlocoecus organisni.s. Sodium acetate and sodium 
lactate display 2 io conspicuous inliibition or acceleration of sulfonamide activity. 
The drug behaves with complete indifference to their in’Csence. 

SUMMARY 

The presence of sodium citrate (4 per ecnl strength) in a medium contain- 
ing sulfacetamide nullifies the antibacterial behavior of the sulfonamide and 
permits unarrested development of E, cob\ The citrate alone does not inhibit 
the growth of these organisms. The bacteriostatic potency of tlie dnig is not 
similarly impaired by sodium acetate or sodium lactate. 



AN INTRADERMAL TEST FOR VITAMIN G SUBNUTRITION' 


Lawkence B. Slobody, M.D., New York, N. Y. 


PRELIillNARY RePORT 


T he lest is based on the intradermal injection of a dye which will be de- 
colorized by vitamin C. Slow deeolorization of the dye would indicate that 
the tissues have an insufficient amount of vitamin C. Rapid deeolorization 
Avould indicate a sufficient amount. A skin test is cheap, easy to perform, and 
quickty read. If it should reliably point out vitamin C subnutrition states, it 
would be a valuable addition to our armamentarium. 

Up to now, the reported investigations have been on a method and tecli- 
nicpie suggested by Rotter' in 1937. He used 0.01 e.e. of a N/400 solution of 
diehlorphenol indophenol to raise a blue wlieal of about 2 mm. in diameter. 
Rotter believed that if a wheal disappeared in less than 5 minutes, the tissues 
were saturated with vitamin C; that if the reduction time was from 5 to 10 
minutes there was a normal amount of vitamin C in the tissues ; and that there 
was a vitamin C deficiency if the reduction time was more than 10 minutes. A 
sharp division of opinion has been found in the subsecpient reports of other in- 
vestigators as to the efficacy of this particular test. 

The following investigators have reported that this test was reliable. 
Portnoy and Wilkinson- found the method to be of value and thought there ivas 
a general correlation with blood vitamin C levels. Bancrjee and Gulnd foiw< 
the intradermal test to be accurate for the assessment of the level of vitamin 
nutrition in guinea pigs tested under controlled conditions. They also fo">'^ 
good correlation between this skin test and the urinary excretion of vitamin 
in nme healthy human subjects. Suzuki' reported that this intradermal tes 
paralleled closely the blood vitamin 0 levels. Beck and Krieger' stated that t is 
intradermal test and the saturation test for vitamin C corresponded close 3 • 
Slavieh and Torrini® showed that the time rerpiired for deeolorization m 
individual was markedly decreased following intravenous injections of 
five Inuidred milligrams of vitamin C. Masuzawa' declared that this skm 
was satisfactory in determining vitamin C deficiency. Reddy and Sastry i 
that the skin test corresponded well with dietary intakes and urinary 

The followiirg irrvestigators have reported this irrtradermal test as descri ) 
by Rotter to be eirtirely unreliable. Jetter,® Poncher and Stuhenrauej,^^ 
Bakhsh et ah," and Goldsmith et ah'- reported irrdeperrdently that 
no eorrelatioir betweeir the fasting blood ascorbic acid aird this nr la 
test. Gambigliani Zoceoli and Lombardo'®- '■* found this test unsatis 
for diagnosis of vitamin C deficiency. Baraldi'® and Cera'® too conelu 


peirderrtly that this method was not sufficierrtly specific for its pi’o 
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Lima'’ fo\iiul no (•orrolafioii Ijotwcoii tins intradi nnal lest and vitamin C sat- 
uvation tests. Wri^Iit and I\ra(*TjOiialIion''‘ did inil (‘onsidcr tliis intindoi’inal 
lost a rolialilo ^uide to tiie iiody vilainiii nutiilniii. Tiiey found the varia- 
tions in the decoloration in t!ie saiiu* patient ton i>reat to set np a normal range 
and that reailings at dil’t'erent sites I'roqueutly varied eoiLsidcrabl}'. Poulscn 
and Lieek*'-' loo found dift’ereiit results in tlic same patient in different arms 
and legs and did not fool the test was of j)raelieal value in the form advocated 
by Rotter. 

The contradictory results reported by the various investigators of the Rotter 
test suggested that the test was not entirely satisfactory in that form. We 
jilaniicd to study tlie iiitradermal test in all its aspects. The study was not 
to be limited to the method described by Rotter Dift'evcnt methods and tech- 
niipies were to be inve.stigatcd in an attempt to find one that would lie a reliable 
guide to the bodj’ vitamin G nutrition. 


animal K.\l*Fni.MENTS 

Tlie rabbit is al)le to synthesize its own vitamin C and keeps a fairly con- 
stant degree of vitamin C tissue saturation. The rablnt’s alidomen, which has 
been shaved and cleaned, can ha used for a large scries of skin tests. 

Wlien as Rotter^ suggested, 0.01 c.c. of a dioldorphcnol indophcnol solution 
was used to raise a wheal of about 2 mm., there were variations in tlio docoloriza- 
tiou times among adjacent wheals. It wn.s noted that tlie immediate area of 
needle puncture was a darker blue and took very nuicli longer to decolorize 
than the rest of the wlieal. This may be due to the destruction of vitamin C 
where the needle punctures the tissue, thu.s jirodueing a lack of vitamin C at 
that point. With small wheals, this may have cawsod the variations. When 
larger wheals of about 4 mm. were rai.scd, there was no longer any marked 
variation in the dccolorizaiiou timc.s, and tlic tests wore easier to read. For ex- 
ample, five .skin tests performed on Rabbit C at adjacent sites disappeared in 
times with a deviation from the average of loss than 45 seconds No attempt 
was made to regulate the amount of dye injected, but only the size of the wlieal. 
In all subsequent animal work, w’hcals of about 4 mm. were used. 

Different dilutions of dielilorphciiol indopheiiol were used for the intra- 
dermal tests. Tlie higlicr the dilution the shorter was the time required for 
dccolorization. Tlic more concentrated solutions required proportionately longer 
times for dccolorization.^ (See Table I.) For example, in Rabbit jM, an N/5000 
solution was decolorized in 1 8 minutes while the N/500 took 12.S minutes. 

The intravenous admiiii.stration of vitamin C reduced the time needed for 
dccolorization in all rabliits. h’or example, in Ralibit R the iiitradermal test 
showed that a N/500 solution was decolorized in 9.8 minutes; after a 200 mg. 
intravenous injection the average time was 4.1 minutes. This shortened time 
was still present on the following day. It took six weeks for the decoloriza- 
tion time gradually to return to the preinjection time of 9 8 minute.s. 

RE.<L'LTS WITH IIOrAN'S 

When wheals of api>roximatcly 4 mm. -were raised in tlie forearm, there 
was little variation in dccolorization times in an individual. Five intradcrnial 
te.sts done at adjacent sites on the forearm in an individual disappeared in ap- 



466 


THE JOUENAE OP LABOR-VTORY AND CLINICAE MEDICINE 


proximately the same time. The deviation from the average time was never 
more than 45 seconds. The 4 mm. wheal was used in all subsequent work. 

Different dilutions of diehlorphenol indophenol were used for the intra- 
dermal tests. In an individual, the higher the dilution the shorter was the time 
proportionately reqnired for decolorization. For example, in D.F., a N/300 solu- 
tion w'as decolorized in 15.2, a N/600 in 8.4, a N/IOOO in 6.3, and a N/1500 in 
4.0 minutes. The problem was then to find a dilution with no toxic effect which 
would best differentiate in decolorization time between the various degrees of 
vitamin C tissue saturation. Preliminary skin tests in duplicate and triplicate 
with dilutions var 3 '-ing from N/1500 to N/350 were done on 167 patients. These 
were hospitalized children and adults. We knew approximately how much vita- 
min G was being ingested, and their vitamin C blood level was done at the same 
time as the skin tests. 

Table I 

Relationship of Skin Test Time to the Dilution of the Dye 



It became clear that the most concentrated solution that could be used 
without toxic effect would best differentiate between tissue saturation and un- 
saturation of vitamin C. There are at least two reasons for this. First, the 
concentrated solution takes a proportionate!}' long time to become decolorize 
so that interpretation becomes easier. Thus, a difference between 10 aud » 
minutes of using a concentrated solution would compare with 1 and 
utes of using a very dilute solution. Second, there are other reducing su^^ 
stances in the sldn such as glutathione whose effect tends to be 
more concentrated the solution of dye that is used. The results with the / 
solution of diehlorphenol indophenol, which is the most concentrated so u i 
that we have used extensively, will be reported in detail. r n ■ 

A N/300 solution is prepared by dissolving 24 mg. of sodium 2-6 
phenol indophenol with about 35 c.c. of boiling distilled water in a 
volumetric flask, cooling, and making up to volume. This solution is piepa 
freshly every other day. 

The technique is essentially the same as that used in the Mantoux an 
tests. An ordinary tuberculin syringe and a short No. 26 needle are use^^ 
syringe is I’insed twice with the dye before the injection. A part of 
arm without hair or veins is cleansed with alcohol and then pernntte 
About 0.05 c.c. is injected into the skin in order to raise a wheal o ^ 
imately 4 mm. (3.5 to 4.5 mm.). The exact time of injection is note 
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•stoj) watch. Aliy excess dye oi‘ drop of blood wJiidi may «l).scui'e the readiiij^ is 
wiped oft’. Tlio time when tlio bliio color ha.s disapimai'ed altogetiicr is noted. 
A\^liQrc. file needle enters the .skin there nia> In* a pin-point darker blue spot. 
This is not to be considered in determining the decolorization time. (See 
photograph.) 

Tjiis metliod and teehniciue was used on children and adults in the Jiospi- 
tal. These were patients picked at random for the tc.st Two liundred and 
cight 3 ’--five test.s were done in duplicate on the same and opposite forearms, 
and a blood vitamin C determination was performed on tlie patient at the same 
time. Tlie approximate amount of vitamin C in their diet during the days 
preceding the test was know. 



Fiff. 1 — Technique of the intraUeniml test. 


One Imncli’cd and two patients Jiad a skin test time of from 3^4 to 9 min- 
utes, 101 from 9 to 13 minutes, 79 from 11 minutes to 25.6 minutes. T)ie blood 
levels of vitamin C ranged from 0.0 mg. to 1.97 mg. 

There were 59 hlood levels under 0.3 mg.; the mean was 0.20 ± 0.07 mg. 
(See Table II.) Tlie skin test time in 51 of the.se was 11 minutes or more; the 
other five were between 9.5 and 13.2 miniilcs; the mean was 16,7 ± 2.9 minutes. 
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The method and technique which we have suggested and used obviates this 
criticism. Second, the skin test did not correspond to the blood vitamin C levels. 

There has been a tendency to overestimate the value of the blood level of 
vitamin C in appraising nutritional status. Kruse-^ states “it should be clear 
that there is no necessarily high correlation between data derived by different 
methods on the same deficiency disease. They provide information on different 
aspects and states of the disorder. Unfox’tunately, this fact has not been ap- 
preciated. Eather, it has been thought that various methods applied to the 
same deficiency disease should yield similar data. On this basis it has become 
the practice to test the validity of a method by comparing its results with blood 
values. This procedure is entirely unsound. When it is remembered that blood 
values shift rapidly and may fluctuate intermittently, while tissue changes vary 
slowly, there should be no expectation of identical results. . . . Values on the 
concentration of a vitamin in the blood reflect very sensitively the recent dietary 
habit as well as other conditioning factors. They may change not only nith 
season but also withm shorter periods; they may fluctuate. . . . Potent therapy 
will produce maximum blood levels and entirely restore bodily saturation m 
several weeks, but will completely repair the slightest chronic tissue lesion onh 
in montlis.” 


Our results in animals and human bemgs indicate that the skin test gnes 
information as to the body saturation with vitamin C. The blood level leflecb' 
the recent intake of vitamin C. Therefore, the prolonged skin test time of mer 
14 minutes, which is usually associated with a blood level below 0.3 mg., ae 
gross and biomieroscopic changes in the gums indicate a marked degree of tis- 
sue unsaturation. In some patients who took ascorbic acid on the day before 
the test the blood level was high, but the skin test remained prolonged mef 
14 minutes because the tissue reservoir was still depleted and had not been m 
plenished. 

At present we feel that skin test times of 9 to 13 minutes probably indicate 
mild degrees of unsaturation, while times of less than 9 minutes indicate sa 's 
factory vitamin G nutrition. Skin test times of 7 minutes or less probab j la 
dicate complete saturation. 

The blood level, skin test, gross and microscopic examination of the gu® 
aE give valuable information in evaluating the nutritional status as to u 
C. The blood level indicates the recent intake. The skin test indicates t^e^^ 
gree of body^ saturation and unsaturation. The gross and 
ination of the gums indicate the changes that have taken place in the 
It must be remembered that once tissue changes have taken place, res o 
normal requires some time even though body saturation with vdtanini 

And a 

The skin test is so easy to ijerform, quick, and cheap that it 
wide field of application. It can be used as one of the methods in ev 
the nutritional status as to vitamin C in an individual. It con c 
screening school children, hospital admissions, and the armed 
that the. test can be read witliin twenty minutes makes it very coni 
office practice. 
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Fig:. 2. — Intradermal test in patient with vitamin C bubnutntiun (painted fioni life). 

I, Immediately after injection, i, 4 minutes aftei injection, j. 8 minutes after injection. 
12 minutes after injection; 5, IG minutes aftei injection; and S. nVj minutes after injection, 
Oisappejiance of nil blue color except the pin-point daikei blue i-pot where the needle entered 
the skill. This pin-point darker blue spot is not to be considered in detcrmiuinij the decoloii- 
zation time. 




SIXmODV; IN'TItADLItilAry ThST KOIl VITASIJN' C gUJINUTlUTlON' ‘MX 

IJic skin test would not take the place of f^ross and In'oniicroscopic examina- 
tion of the gums. However, where gro.s.s and Inomieroseopic examination liave 
demonstrated tksue changes and the patient is being treated, the skin test 
could follow tlie eilicacy of l]icra])y. The best tlicrapy is tliat whicli produces 
body saturation. TIius, tlic dosage of ascorbic acid should be that Avhicli will 
give a skin test time of seven minutes or less ('(jiistantly. 

It may also be jicssilile to work out .saturation lesfs with the skin test. At 
present tlie saturation tests are done I)y following the blood levels and urinary 
excretions of vitamin C after a lest do.se, Thc,se give valuable information but 
arc time-consuming and difficult to perform. It .seems likely that the study of 
skin test times before and after lest doses may yield similar information with 
less effort and expense. The use of small lest doses would Ixj particularly Iie!])- 
ful in those patients who Jiad skin test times betueen nine and thirteen minutes 
and whom we consider to have mild degrees of unsaturation. When the skin 
test time Is more tlian fourteen minutc.s, llicrc is a definite vitamin 0 sub- 
nutrition. 

This prelimiiiai’y report j.s prc-sciilcd with the hojie that others will check 
our results promptly. The intradernial test for vitamin C siibnulrition can be 
useful during the war and postwar days. 

.SUilMAltY AND CONCLUSIONS 

1. Our intradcrmal test, raising an approximately mm. wheal with a 
N/300 dichlorphenol indoplionol .solution, will indicate vitamin C sulinutrition 
states. 

2. Of 51) patients with blood vitamin C levels below O.fi .\fg., the skin test 
time.s were more than 14 minutes in 54. In 10 children on vitamin (J depriva- 
tion diets, the blood levels fell, and the .skin test limes hecame jirolonged. The 
skin test times were then reduced to iioriiial f<jllowing administration of ascor- 
bic acid. 

3. A skin test time of more than 14 iiiiinites suggests a definite degree of 
body unsaturation, from 9 to 13 miiMi(e.s mild un.saturalion, and Ie.s.s than 9 
minutes a normal amount of vitamin C in tJic body tissues. 

4. Different tests give infonnalion on variou.s asiicels of the vitamin (J 
autritional stale and thus will not always correlate. The blood level reflects 
only recent dietary intake. The skin lest jiarallels the degree of body .satura- 
tion. Oro.ss and biomieroseopie ebaiiges in the gums demonstrate actual tissue 
elianges. 

I wlflli to tliank Ml«« Joan 3f«Ktern /or lier \aluablc al<l. 
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ON THE PERSISTENCE OP FALSELY POSITIVE SEROLOGIC TESTS 
FOR SYPHILIS IN NONSYPHILITIC INFECTIONS 


Albert E. Taussig, Z\I.D ,t St. Louis, i\Io 


TN THE two decades following the introduction of the Wassermann test in 
1 1904, false positive reactions wci*e reported m a great variety of conditions, 
notably yaws, infectious mononucleosis, malaria, trypanosomiasis, relapsing 
fever, leprosy, tuberculosis, diabetes, pregnancy, anesthesia, malignancy, jaun- 
dice, fever in itself, and hypercholesterolemia. During the third decade after 
1904, increasing refinement in technique, ‘"notably in the direction of less anti- 
complementary antigens”^ showed tliat of all these conditions only yaws gave 
a uniformly positive reaction, while mononucleosis, malaria, trypanosomiasis, 
relapsing fever, and leprosy did so occasionally, w'ith a frequency that varied 
with different observers.® Both the Wassermann reaction and the more sensi- 
tive precipitation tests began to be considered as “amazingly specific, “ so that 
if these six diseases could be excluded, a positive, or certainly a repeatedly 
positive, Wassermann or Kahn test was taken as definitely indicative of the 
presence of syphilis. 

Of late years it has become increasingly clear that the specificity of these 
tests was less than had been supposed. An interesting observation was made 
when the Wassermann and Kahn tests were applied to animals.® It was found 
that rabbit blood in particular but also that of chickens, pigeons, rabbits, mice, 
cattle, calves, sheep, lambs, horses, and swine frequently gave positive reac- 
tions. It is true that the reagin found in the blood of normal animals differs 
in certain fundamental respects from that of syphilitic blood it is more labile, 
is associated only with euglobulin instead of also with pseudoglobulin, and 
gives a complement fixation test with many lipoids that do not affect human 
syphilitic sera. In the routine tests, however, normal animal and human syph- 
ilitic blood behave exactly alike.® 

The simplest method of distinguishing between the reagin of animal blood 
and that of syphilitic sera appears to be Kahn's verification test. Kalin® found 
that with his standard test human syphilitic serum gives a positive reaction at 
37° C., but a negative one at 1° C. Animal blood does the reverse, being posi- 
tive at 1° but negative at 37° C. Strongly positive blood sera of either kind 
may react at both temperatures ; they must then be diluted. 

The value of the Kahn verification test as a method of distinguishing 
between true and false serologic positive is still under discussion, some observ- 
ers^- finding it quite trustworthy, while others^®- “ reporting repeated fail- 
ures. From the literature, one who has not used it gets the impression that 
while often useful, it is not always reliable. 

Because of the presence in normal animal blood serum of a reagin that 
gives a positive Wassermann and Kahn test, it is not surprising that a similar 
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reagin should have been found in normal lunnan blood. Malloy and Kalnd in 
1931, and after them a number of other observers,'’ have shown that nonnal 
human sera contain this reagin, but ordinarily in too small an amount to .show 
with our usual tests. Occasionally perhaps a normal human serum may contain 
enough of this reagin to giA’e a positive test for syphilis. Eagle* in 1941 re- 
ported serologic studies done on 40,545 white college students of both sexes. 
In some ten cases (1:4000) a posith'^e serology ivas found without other evi- 
dence of syphilis. Similar findings have been reported by others.'* The inter- 
pretation of these findings is not easy. As Eagle points out, they may be; 


1. Time false biologic positive reactions 

2. Cases after all of latent syphilis 

3. Cases of recent intercurrent infection. - 


Unfortunately they could not be followed up serologically. Statistically the 
group of false biologic positive reactions is negligible, but in each individual 
ease the interpretation of the reaction may be of the highest importance. 

In cases of this kind, the possibility of error in laboratory technique cannot 
always be excluded. Since such teelinical lapses do occur, although rarely in the 
best serologic laboratories, no patient without other evidence of syphilis should 
be labelled syphilitic on the basis of serology alone until he has received the most 
careful kind of individual study. The following case may be in point: The 
patient, a married woman with healthy children, offered herself as a blood donoi’ 
but was turned down because her Kahn test done twice was strongly positive 
on each occasion. Almost immediately her physician sent her blood to two other 
laboratories, by both of which Kahn, Kline, and Wassermann were reported nega- 
tive. Was this a technical error? Perhaps not. O’Leary'” speaks of a group 
of patients “who give biologic or false positive reactions which fluctuate fiom 
■week to week and from month to month. ’ ’ 

A much more important source of error is found in the nonsyphilitic iufee 
tions that may show a positive serology. The general impression, however, r> 
that these falsely positive Wassermann and precipitation tests are positna 
“only during the active stage of the disease.’’" That this is not the case 
have had an opportunity repeatedly to note. The Kahn test may remain posi 
tive for as long as two weeks after defervescence as is illustrated by the o 


lowing ease: 

Mrs. T. came to the office complaining of vague malaise, chiefly vertigo " 
ache, ■weakness, and a chilly feeling. Temperature, pulse, and respiration were nor^ ^ 
physical examination was negative; in particular, there was no splenomegaly. ’ 
contained 3.5 per cent of sugar; the Kahn test was four plus. No blood spreads were 


A few days later a second tube of blood was sent to a private laboratory, 
sermann and Kline tests were each reported four plus. The patient and her 


and the Was- 
husband ■'ve'” 


summoned to the office; the nature of syphilis was explained and prolonged 


treatment 


urged. Ten days later she returned to the office stating that she had had a chPI p _ 
before and again just before leaving home. Her temperature was found to 


again no spleen was felt, but the blood contained many tertian parasites. 
prompt recovery under quinine therapy. Two weeks after defervescence, two 

Kahn test was still positive, though less intensely so than at first. After a j 

weeks, the test was negative and remained so. Interested by this case. Dr. 
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analyzed 154 cases of malaria, almost certainly noosyphilitic, from tlio wards of the Jewish 
Hospital and City Hospital and from our own practice. The Kahn test was positive in 
22 per cent, and in the cases in which a Wassermnnti was done, the same percentage of 
positives was found. What I should like to emphasize particularly, however, is the obser- 
vation that of 13 cases followed after defervescence, 0 still showed a positiv'C serology 
eiglit days after all evidence of fever had ceased, while one was still positive fourteen 
days after defervescence. All were negative fifteen days after defervescence. 


A positive test for syphilis has been repeatedly found in rat-bite fever, but 
how long it may persist is shown by the following case . 

Jr. L., aged 13, was brought to the Jewish Hospital on Oct. 14, 1934, with high fever 
and what looked like facial erysipelas. The mother stated that two weeks before admission 
the child had slept on the floor and had apparently been bitten under the left eye by a rat. 
The facial lesion had healed, but then had reopened with extensive cellulitis. After ad- 
mission, she ran a high spiking fever for nearly two weeks. The temperature then became 
normal, but the lesion on the face did not entirely heal until a short time before her dis- 
charge six weeks later. Two mice received each 1 e.c. of the patient’s blood intraperi- 
toneally; after fourteen days, smears from one of the mice showed the presence of 
Spinllum minus. 

A Kahn test was not done until two weeks after defervescence, when it was found four 
plus, the Wassermann being negative. The Kahn test was repeated at irregular intervals, 
thereafter, and was still four plus on Dec. 20, eleven days after she had been discharged 
clinicnlly well. Unfortunately she then received in the Out-patient Department 5 injec- 
tions of bismuth sodium tartrate and 3 of neosalvarsan. Following this, the intensity of 
the Kahn test gradually declined, becoming negative two months later. The Wassermann 
test remained uniformly negative. 

It is of course possible that this little girl really had syphilis. There wore, however, 
no history or physical signs of this disease, and in spite of the grossly insufficient treatment 
she has shown no evidence of syphilitic infection. She is now married and has given birth 
to a health}' child. 


A more definite case of falsely positive serology was observed at the Jcwisli 
Hospital about a year ago. 


Jr. P., aged 36, was admitted to the service of Dr. A. S. Eciches on Dec. 26, 1941, for 
a cellulitis of the nose following the picking of a nasal hair. The nose was red and 
swollen to the size of a golf ball. There was no fever, except that the rectal temperature 
once rose to 100®. Kecovery was prompt under hot packs and sulfathiazole, and he was 
discharged well on Dec. 31. On admission, the Kahn test was found positive, the Wasscr- 
mauu negative; two days later the Kahn test was reported doubtful. In January, how- 
ever, on two occasions, both Kahn and Wassermann wore found definitely positive, only 
thereupon to become negative and to remain so spontaneously and without any treatment. 
At no time, then or later, did JI. P. give any history of sj-philis or show any signs sugges- 
tive of this disease. The serology may be summarized as follows: 


DATE 

KAilN 

12/27/41 

positive (J. H.) 

12/29/41 

doubtful ( J. H. 

12/31/41 

discharged well 

1/19/42 

+ + + (Ives) 

3/26/42 

f + + (Ives) 

2/ 2/42 

iieg. (Ives) 

2/ 9/42 

neg. (Ives) 

4/ ?/42 

neg. (Army board) 

7/ 3/42 

neg. 


WASSERIIAN.V SWNAI/ FLUID 

ncg. ( J. H.) 
insufT. (J. II.) 

+ + + (Ives) 

+ + Kcjlmer (Tves) 
ntfg. (lies) 

neg. (Ives) ncg. (lies) 

neg. (Army board) 

ncg. 
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Pneumonia has occasionally been found to giim a falsely positive serologj', 
and that this reaction may persist for some time after recoveiy is illustrated 
by the following case : 

Mrs. F. S., aged 40, had long been troubled by chronic arthritis. She went to E.x- 
celsior Springs for the baths in 1937 ; a routine Kahn test taken there was found negative. 
She bore her first child early in 1941; Dr. Soule informs me that her Wassermann reaction 
then was negative. Her husband too, when qualifying as a blood donor, was found to 
have a negative Kahn test. I first saw her on June 2, 1942, for hypertrophic arthritis; a 
routine Kahn test then was negative. 

On June 12, 1942, she entered the Jewish Hospital for an acute respiratory infection 
that rapidly proceeded to consolidation in the base of the right lung. There were no pneu- 
mococci in the sputum; there was a leucopenia and x-ray findings of confluent broncho- 
pneumonia. The final diagnosis was pneumonia, acute interstitial, probably of virus origin. 
Defervescence took place on June 14, and she felt completely well thereafter. She was 
discharged on June 19. On the day of admission she showed a four plus Kahn, both Kahn 
and Wassermann remaining strongly positive for at least nine days after defervescence. 
She received no treatment, and since June her Kahn and Wassermann tests have been 
negative. The serology may bo summarized as follows: 


DATE 

KAHN 

AVASSEKMANN 

6/12/42 

-I-h-h-I (J.H.) 


6/14/42 

defervescence 


6/16/42 

-f -f -f ( J . H.) 

(J.H.) 

6/18/42 

-)- -I -f -h ( J. H.) 

-(.-f-I-I (J.H.) 

6/19/42 

discharged 

-I -t- -I -I (J.H.) 

(Hagebusch) 

6/23/42 

-i-i-i-f (Hagobusch) 

8/24/42 

neg. (J.H.) 

neg. (J.H.) 


The social and medical importance of these falsely positive reactions is 
much greater than the relative infrequency of their occurrence would indicate. 
The giving of a Kahn or similar serologic test has become more and nioie 
routine, not only in medical practice but in industry, before marriage, m con- 
nection with the draft, etc. Among such a huge number of tests many m s 
positives must occur. Many of them are doubtless not recognized as such. 
prevalent custom of considering every patient Avhose blood serum gives a le 
peatedly positive Kahn or Wassermann test as syphilitic and of immeciia . 
inaugurating treatment must mask many such cases. The serology promp . 
becomes negative and, at the close of a longer or shorter course of treatm 
the physician concludes that he has cured his patient even though 
latter may not have been infected at all. A much greater disaster may le ^ 
from the psychologic shock produced ivlieii a young man or woman is ^ 
takenly convicted of being syphilitic, ei'en though later the verdict ma) 


Avithdraivn. 

So far as the physician is concerned, the critical question is ivhethei oi 
to inaugurate treatment in an individual ivho lacks history or signs of s) 
but who shoAvs a repeatedly positive serology. It is today a commonp 
insufficient antisyphilitie treatment is Avorsc than none and that one ^^,-0 

betAveen doing nothing and an adequate course of treatment that may 
years or more to complete. What then should be done Avith a patient n 
no other evidence of syphilis than a repeatedly positive Kahn or 
or both? The folloAving procedures Avill probably prevent error in mos 
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1. If tlie patient lias recently had an acute infection of any Idnd, repeat the 
Wassennaiin and a precipitation test in a mouth or, better, two. If the test is 
still positive, the reaction is not due to the intcction and is probably indicative 
of syphilis. 

2. If a history of recent infection is not obtained, the patient may still be a 
member of the group described by O’Leaiy'" who give “false positive reactions 
which fluctuate from week to week and from mouth to month.” Here, weekly 
tests if not constantly positive may reveal the patient as not syphilitic. 

3. If spinal puncture is done, its results may settle tlie matter, since a falsely 
positive spinal fluid has not as yet been reported. 

4. In doubtful cases, Kahn’s verification test may be employed, although as 
yet its results must be interpreted with reserve. 

5. Sera that arc positive with less sensitive tcchinques, such as the Wasser- 
mann test, but negative witli more sensitive ones, such as the Kahn or Kline 
tests, are probably not sypliilitie.® 


SUMMARY 

The occurrence of positive serologic tests for sy])hilis in the blood of non- 
syphilitic individuals is discussed. Its occurrence in various infections, not only 
during the active stage of the disease but for some days or weeks thereafter, is 
illustrated by four cases. A pica is made not to inaugurate treatment in a 
patient without other evidence of syphilis than a positive serology until further 
observation has made it clear that the reaction actually is due to syphilis. 
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DEATHS FOLLOWING THE USE OP LOCAL ANESTHETICS IN 
TEANSOEICOID THEEAPY: A CEITICAL EVALUATION 


Vincent J. Derbes, M.D.,“ and Hugo T, Engelhardt, M.D.' 
New Orleans, La. 


I T IS tlie purpose of this paper to emphasize the dangers associated with the 
use of cocaine and pontocaine when the.se agents are used in the preparation 
of patients for transcrieoid therapy. A review of the literature on this sub- 
ject would lead one to helieve that fatalities following the use of these analgesics 
for pharyngeal anesthesia are by no means common. Our attention, however, 
has been directed to five deaths which have recently occurred in the Charity 
Hospital of New Orleans following tlie use of one or both of these drugs. Most 
of the patients were elderly and were being subjected to the instillation of iodized 
poppy seed oil for diagnostic purposes (Fig. 1 ) . Of the five patients reported, 
four died before the instillation of the iodized oil, thus eliminating sensitivity 
to constituents of the oil, i.e., the iodine, the oil itself, or contaminants.^ In the 
fifth instance, iodine sensitivity had been precluded by preliminary testing. 

Detailed discussion of these eases serves little useful purpose because of 
their great similarity. An example which illustrates the sequence of events fol- 
lowing the application of local anesthetics is that of a white woman, aged 6 , 
who entered the hospital with chief complaint of pain in the neck and.hea - 
ache. The clinical impression at the time of admisssion was psychoneurosK. 
possible arteriosclerotic heart disease, possible Meniere’s syndrome. During 
stay in the hospital, a lipiodol instillation under the fluoroscope was suggeste , 
to rule out bronchiectasis. Starting at 3:10 p.Jt., the patient’s throat u® 
sprayed with 5 per cent cocaine HCl, from a fine atomizer, at intervals of oiu 
to five minutes, for five times. She expectorated the excess cocaine. A 
about one cubic centimeter was used. The patient was talking during this u 
and showed no evidence of toxic reaction. 

She walked across the hall to the fluoroscopic room. Under the 
a catheter was inserted through the right nostril and into the trachea, 
tient tolerated this well. About 4 e.c. of 2 per cent pontocaine 
into the trachea. She coughed a little and tried to converse. A few se^^ 
later, before the lipiodol was injected, she suddenly became rigid an 
the stool onto the floor. She had a short clonic convulsion, became cya^ 
and expired. She did not respond to stimulants or to artificial respira 
was pronounced dead at 3 ;50 p.m. No gross or microscopic anatonuea 
findings to account for the death were noted. The relevant data o 
four eases are presented in Table I. 

♦Prom the Department of Medicine. Tulane University School of Medicine. 

Received for publication, Augr. 26. 1913. 
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Table I 


CASE 

AGE 

SEX 

B 

DRUG 

SYMl’TOMS 

RESULTS 

AUTOPSY 

MODE OF 
DEATH 

L. y. 

(J3 

i!'. 

\v. 

Cocaine HCI, 5 per 

cent, 1 C.C. 
Pontocaino 2 per 
cent, 4 c.c. 

Cough, inability to 
talk, short cloaic 
convulsions, cya- 
nosis 

Death in 

40 min- 
utes 

Negative 

Kespira- 
tory fail- 
ure 

W. K. 


il. 

w. 

Cocaine 5 per cent 
spray 

Pontocaiue 2 per 
cent, sevcial c.c. 

Clonic convulsions 

Death in 4 
minutes 

Negative 

Respira- 
tory fail- 
ure 

J. it. 

72 

M. 

w. 

Pontocaiue 2 per 
cent, 15 c.c. spray 

C>ano.sis 

Death in 6 
minutes 

Negative 

Larj-ngeal 

asphyxia- 

tion 

C.G. 

51 

P. 

\v. 

Pontocaino 2 per 
cent, 2 c.c. 

Difficult respiia- 
tiou, then apnea 

Death in 

15 min- 
utes 

Negative 

Respira- 
tory fail- 
ure 

E.B. 

43 


c. 

Cocaine, or Ponto- 
caine 

Frothing from 
mouth, restless- 
ness 

Death in 2 
hours 

Negative 

Respira- 
tory fail- 
ure 


DISCUSSION 


Various local anestlieties arc used today lieeaiise tliey liarc the |iower ol: 
liloekiiig locally the transmission of stimuli. Inasmncli as it is necessary to 
abolish swallowing and gag reflexes, the use of these drugs in transericoid 
therapy is indisponsahlo. A variable amoiiiit is absorbed depending to a largo 
extent on the A-ascularity of the ancsthetizod area. Detoxification follows ab- 
sorption. Ooldijcrg, Koster, and Wai-shaw= have delineated certain of the steps 
involved in the detoxification of procaine. They found tliat procaine may bo 
hydrolyzed at tlie ester link to form para-aminobenzoic acid and dietliylamino- 
ethanol, a reaction whicli takes place slowly in pure water and may be acceler- 
ated by catalysts. 
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Paraminohenzoic acid Dictiujiaminoethanol 


Para-aminobenzoic acid has been extensively studied by a number of work- 
ers because of its intimate relationship with the sulfonamides. rVs in the case of 
these latter drugs, it is acctylated to form para-acetaminobenzoic acid, llany 
believe that the detoxification of these various substances takes place in the 
liver, but certain inve.stigators^ consider that at least a fraction is rendered 
inert in the blood stream. Goodman and Gilman’ point out that the liver is 
capable of detoxifying one minimum lethal dose of cocaine in sixty 
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There are few detailed studies on the fate of pontocaine (parabiitylamiiio- 
beuzojd diiiiethylaniino-ethauol hydrochloride) whose base belongs to tlie procaine 
group. 
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ClI, 


OCHXH^N 


C=0 


\crL 


HOI 


I 

/\ 

\/ 

NHCH,GH„CtLCH3 


Pontocaine 


It is logical to assume, in view of this similarity, that a similar sequence oc- 
curs when it is detoxified. 

Gilman^ divides the reactions following the use of novocain into three main 
types : His first and most frequent is characterized by marked excitement, de- 
lirium and convulsions, and respiratory failure. This reaction begins witliin a 
valuable period after administration of the drug and is frequently of long dura- 
tion. His second tjqie appears suddenly and, in contradistinction to the di’st 
type, is of short duration. In severe cases there is a pallor, fainting, and stop- 
page of the heart with resultant death. His third type of dangerous reaction 
is allergic shock. Waldbott® has reported urticaria, vasomotor rhinitis, and 
asthma from nupercaine, cocaine and similar anesthetics. Vaughan® has intro- 
duced a useful concept to indicate an increased sensitivity or reaction capacit) 
to a foreign substance ; namely, hj^perergy. Hyperergic individuals react in a 
normal manner but react excessively. A^'anghan illustrates this phenomenon 
citing the person who sunburns extremely easilj’' as being hyperergic to ' 
actinic raj^s; another person who reacts with urticaria after similar exposure 
is allergic. It seems to us that the reactions following the administration ol oca 
anesthetics may be properly divided into two groups. Thus Gilman’s first n 
groups are hyperergic ; his first representing primarily’^ nervous system in' 
ment and his second representing primarily cardiovascular involvement. 

AVith regard to Gilman’s third or shock group, two possibilities exist. 
fii-st is that allergy is not a factor in the production of these reactions. 
be remembered that the allergic reaction is predicated upon the interaction 
antigen and the newly fomied immune substance (probably globulin m n ^ 
which has been sjmthesized stereoehemically under the aegis of the seiisi 
agent. Bj^ its veiy nature this process is time-consuming, requiring ^ ^ 
to seven days in experimental animals, and varying in the human beinn 
this period to two years or longer.’’ ® Since these reactions occur on 
exposure, no time has elapsed for antibody formation to occur. ^ 
phasized that a latent period between the first exposure to 


em 


the follo'ving one must exist for an individual to react allergieall} ■ 
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also be borne in mind that the allergic reaction is usually initiated by a sub- 
stance which is not primarily harmful; hence no ill effects are noted on the first 
administration. 

The alternate hypothesis is tliat the individual has been sensitized by a 
previous exposure to a chemically related substance Examples of naturally 
occurring substances related to these anesthetics would include the phenolic 
essential amino acids such as phenylalanine and tyrosine and para-aminobenzoic 
acid which is a component of the B group of vitamins. It is believed that the 
allergic reactions to drugs are mediated througli linkage substances (Land- 
steiner) whose identity is unknown. It has been shown that many substances 
containing the benzene ring may be antigenic. Therefore the allergic hypothesis 
can only be satisfied if we assume a previous sensitization to a phenolic com- 
pound or even to para-aminobenzoic acid, a substance which is widely distributed 
throughout nature. 

Thomas and Fenton'* submitted samples of the poiitocaine solution used in 
the three deaths they observed, to the Committee on Phaimacology and Chem- 
istry of the American llcdical .iVssociation. These were reported to contain 
unmodified, pure poiitocaine and nothing else; it was concluded therefore that 
the fatal reactions were duo to drug sensitivity and not to impurities. 

"Would it have been possible to have foretold sensitivity to pontocaine by 
the employment of appropriate measures? It is unfortunate that skin tests 
with drugs, wliieh would he of great aid in helping avoid these reactions, are 
of questionable value. While patch tests to drugs causing contact dermatitis 
are highly specific and reliable, drugs wliich cause trouble following parenteral 
administration often cannot be satisfactorily tested either by patch test, scratch 
test, or intracutaneous test. 

TRfLVT.MliNT 

The desideratum is for an aiiestlietic which combines long-acting and ade- 
quate anesthesia with no detrimental side effects. Up to the present, no drug 
meets all of these qualifications. 

Furthermore, safe dosage levels have not been established for any of these 
agents. There is no such thing as a truly safe dose. A quantum can he estab- 
lished which can be tolerated by the vast majority of individuals, but no matter 
how small the dose used, there arc pci'sons who will succumb to it. This state- 
ment applies to all of these drugs, for SoUmaid'* lias indicated that in all prob- 
ability all locally used anesthetics have produced fatal accidents. 

In an attempt to attain the irreducible luinimum of fatalities, the Local 
.iViiesthetic Committee of the American jVIcdical Association,^^ has made certain 
recommendations. They found that procaine was the safest of the local an- 
esthetics and only if the concentration did not exceed one per cent. The total 
amount of cocaine should not exceed 0.06 to 0.1 Gni. (1 to gr.), but deaths 
iiave been reported from 0.02 Gm. Hi grain) of cocaine. It must be borne in 
mind that certain individuals have tolerated many times this amount. Of great 
importance is the site of adiuinistnition. Fatalities are especially frequent when 
tile urethra, scrotum, and tonsils arc anesthetized. 

Because it is loiown that the barbiturates have some slight antidotal effect, 
preoperative use of these sedatives is advisable. Fussgiinger and Schaumann'= 
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have showu that the addition of one drop of one-to-one-thousand epinephrine 
solution to 10 c.e. of 5 per cent pontocaine solution allows the operator to use 
trvice the lethal dose. The epinephrine is added, not to protract the duration of 
anesthesia, but to decrease the rate of drug absorption. Provided the body’s 
defenses are not iinmediatelj’' overwhelmed, the liver is capable of detoxifying 
one lethal dose of cocaine in an hour. ' ■ ■ 

It is to be regretted that treatment of the severe reactions reported is of 
little value. The following procedures have been recommended, although ad- 
mittedly little is to be gained from their use. Attempts to sustain heart action 
such as cardiac massage and intracardiac injection of epinephrine have been ad- 
vocated. Artificial respiration I’arely carries the patient through the crisis. 
When convulsions supervene, some sedative such as sodium amytal may be used. 

SUJLALVRY 

A series of five patients dying following the application of local anesthetics 
incidental to transcrieoid therapy is reported. An attempt is made to e.xplain 
the basis for these fatal reactions in the light of recent studies, and a rational 
classification of these reactions is presented. Prophylaxis and therapy are out- 
lined. 
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THE HOLE OE CREATINE IN CELL GROWTH IN VITRO AND ITS USE 
IN WOUND HEALING 


Saul Caspe,* New York, N. Y. 


Preliminary Report 

^ ARREL^ obyorved tliat extr.iels of muscle and gland tissues of adult animals 

stimulate tlie rate of growtii of liomologous fibroblasts in vitro. Carrel and 
Ebeling^ demonstrated tliat chicken fibroblasts could lie made to live and multi- 
ply indefinitely in vitro when the medium contained small amounts of embryonic 
tissue juice. Tliey suggested that this proliferation is probably occasioned by 
certain nitrogenous compounds. 

Recently Doljanski and co-workers’ have extended these experiments to 
include the growth in tissue culture of human skin epithelium. They found a 
Tyrode extract of the heart muscle of various species not only strongly stimu- 
lated the giwth of chicken cells but human skin epithelium as well, and they 
proposed the application of these extracts for wound licaling. 

The application of lietcrogenous extracts wliich contain various unidentified 
chemical entities, some inert substances, and possibly some inhibitors affords 
tile scientific worker merely an empiric tool with whicli to initiate more funda- 
mental studies. Indications of tlic wide field of application for tissue extracts 
make the identification of the substance or substances wliich manifest this cell 
activating and proliferating property one of paramount significance. The dis- 
closure of an active sub.staiicc will readily make available a definite class of 
substances for further study, will pi'ovidc an opportunity to evaluate the 
specificity of a pure substance in relation to its cell growth-promoting and 
healing properties, and it may slied light upon otlier physiologic processes 
hitlierto considered obscure. 

This preliminary report is submitted to indicate that a successful attempt 
has been made to identify at least one of the active substances. A more com- 
prehensive report will be detailed in the near future. Various tissue extracts, 
heart muscle extracts, and embryonic juice were found by chemical analysis to 
contain significant amounts of creatine and phospbagen 

Creatine was tested on tlie rate of growth of a variety of tissue cultures 
made through the courtesy of Uiss Gladys Cameron in Professor Robert Ciiam- 
ber’s Laboratory at "Washington Square College, New York University. Tiie 
results were found to be as follows; Tyrode solutions containing 400 to 800 
nig. of creatine per 100 c.c. stimulate the growth of adult mouse bladder epi- 
thelium, adult mouse fibroblasts, human adult connective tissue and fibroblasts. 
Tyrode solutions containing as little as 100 to 200 nig. of creatine per 100 
e.e. stimulate tlie growth of chick embryo fibroblasts, rat kidney and liver 
epithelium, 

•Consulting Chemist, 474 West 23Sth SL. New York. N. Y. 

Received for publication, Oct. 18, 1943. 
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A simple linear relationship exists between the creatine-induced area out- 
groivth of all cultures and the untreated tissue controls. This ratio is calcu- 
lated by measuring the radii of the outgrowth areas. The mean radius of these 
measurements is compared with mean radius of the control. The areas repre- 
sented by these radii will vary as the squares of their eorrespondiug radii. 
The area ratios do not reveal the thicloiess and density of these outgrowths. In 
all the creatine-treated cultures the growth was thicker and more densely packed. 
In Table I are recorded a few typical results and the corresponding munber 
of experiments performed to detei’mine the activity of the creatine with respect 
to a specific tissue. 

Table I 

The Effect of Creatine Upon Various Ti.ssues 


TISSUE 

DAYS* GROWTH 

XO. OP 

EXPERIMENTS 

RATIO OF IXDUtTD 
OUTGROWTH AEEl 
TO CONTROL 
AREA 

Chick Fibroblasts 

9 

11 

1G:1 

Mouse Bladder 

6 

16 

C:1 

Human Connective Tissue 

10 

10 

■ill 

Eat Liver 

6 

14 


Eat Edney 

G 

14 

5:1 


May we consider creatine and possibly other guanido amino acids as proto- 
plasmic precursors? Clinical work is still in progress to determine the in- 
fluence of the injections of solutions of various guanido amino acids upon the 
healing of internal ulcers. At present, these results are encouraging. 

Sandweiss and eo-ivorkers'* observed that pregnancy has a beneficial effect 
on the symptoms of peptic ulcer, and they focused their attention upon t e 
anterior pituitary-like hormone. 


Experimental ulcers were pi’oduced in dogs by the Srami-Wfilinni-ion op 
eration of surgical duodenal drainage. These Mann-Williamson dop 
given daily injections of varying doses of antuitrin-S. Because of this tna^ 
ment 50 per cent had no ulcer and 20 per cent had ulcers in process of he ni-- 
Of the control Mann-Williamson dogs, 98 per cent died with jejunal i cers 
Patients suffering from active symptoms of peptic ulcer responded to antuitnn 
injections in a manner comparable to the Mann-Williamson dogs. 

These experimental results provoked our interest in the possible e ec ^ 
antuitrin-S upon growth of tissue cultures (in vitro). Accordingly, 
powder^ was dissolved in Tyrode solution to yield a concentration o 
I.U./c.c. The eeU-proliferating property of this preparation ivas 
ative for embiyonic as ivell as for adult tissue. The tissues tested 
connective tissue, chick embiyo fibroblasts, and epithelium and Iddne} 

From these results it is apparent that the beneficial effects of this hoimo 
not due to any direct effect upon ulcerated tissue, and we must 
explanation of this healing mechanism. 


search for a" 


Our disclosure of the value of creatine in cell, proliferation 


and iron 




A,- /if the anterior 

healing affords us a plausible exiilanation of the modus operandi o 
pituitaiw-like hormone. 

•Dr. Oliver Kamm of the Parke, Davis & Co. generously furnished us 
trin-S powder. 
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It is known that the aiilcrioi* pituitary liorniones aft’otJt creatine nietabolisin, 
and the following three references selected from many others will tend to ex- 
plain why prcguiuiey has a henefieial effect upon symptoms of peptic ulcer, 
and how injections of antuitrin-S may heiieficially affect pei)tic ulcers. 

Schrire and Zwarenstein® siiowcd that during prcgnaiic}- the anterior pitu- 
itary gland hypertropliics increasing the fonnalion of creatine. Gorostiaga® 
demonstrated that blood creatine during pregnancy and childbirth is increased 
7.1 to 7.6 mg. per 100 c.c. Sliapiro and Zwarenstein- studied the South African 
toad and noted 15 per cent decrease in muscle creatine following hypophysee- 
toiiiy. Daily injections of anterior lobe extract i^roclnccd an increase of 30 
per cent in muscle creatine. 

Daily injections of anterior pituitary hormone increase the formation of 
creatine, its retention in various tissues, and its concentration in the blood. On 
the basis of our disclosure of activity of creatine as wound liealcr we conclude 
that the similar activity of anterior pituitary hormone in vivo is in part at 
least due to its effeet upon creatine metabolism. 

Tlio Autlior is Imlebtctl to Dr. Frances Krasno'v for hci coojjcratjon in this stuily. 
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STUDIES IN COMBINED DIURETIC THERAPY- 


Arthur Ruskin, M.D., and George R. Herrmann, jM.D., Galveston, Tex. 


INTRODUCTION 

I T IS well known that digitalis becomes finally ineffectix'e in perhaps one-half 
the eases of congestive heart failure. It is least effective and most toxic in 
the most advanced forms. Since Jendrassik’s introduction of calomel in the 
therapy of edemas, in Wagener’s clinic in Budapest, from 1892 on, the search 
for more potent and relatively nontoxic diuretics has continued. Guy’s hospital 
pill incorporated 1 grain each of calomel, digitalis, and sguill. Merhaphen or 
novasurol, the first organic mercurial introduced by Saxl and Heilig in 1920, 
was too toxic and was soon superseded by mersalyl or salyrgan. At present 
we have the clinical choice of mereupurin, salyrgan-theophylline, esidrone, and 
some less well-kno-wn organic mereuiy compounds made in 10 and 13.5 per cent 
solution of the mercurial salt for intravenous or intramuscular use. Most of 
them now contain theophylline to the extent of some 5 per cent of the solution. 
The combination is more easily absorbed^ and less irritating and destructive 
to the tissues. This may be due to the addition of the somewhat acidic theo- 
phylline to the corrosive alkaline hydrolytic products of the mercurials. 
Mereupurin was thus shown to be much less irritant locally than the original 
mersalyl by DeGraff and Batternian in 1935. 

With the introduction of acid-forming salts, urea, hypertonic glucose, and 
the xanthine group as additional diuretics, the idea of combining them for ad- 
ditive and possibly synergistic effects arose. This was fostered by the elucida- 
tion of their varied modes of action, such as the production of urea and acidosis 
in the ease of ammonium chloride and the direct renal effects of mercurials. 
Thus Keith and Whelan- found that ammonium chloride and novasurol pro- 
duced greater diuresis than either alone, and together they were effective m 
eases that were otherwise refractory. ^ 

Since 1931, while Schmitz* was working with dogs, the Texas group ^ 
has studied the effects on patients in congestive failure with edema, attemptiUn 
to prove the idea that the xanthines act primarily by increasing glomerii ai 
filtration, and the mercurials by blocking tubular reabsorption of fluid- ^o^^ 
have dissented.'’ Through the study of renal clearances of creatinine, d-xj os^ 
urea, and more recently of diodrast and inulin, these ideas have been an 
being put to the test. In an early paper^ in 1933 from this 
Service this statement was made: “These observations and facts 
possible complementary therapeutic combination of the two modes ° j 
by a proper sequential or simultaneous administration of the two } 
diuretics. ’ ’ Theophylline ethylenediamine was administered by niou i ^ 

•From the Department ot Medicine. University of the Texas Medical Branc 
Cardiovascular Servit e of the John Sealy Hospital. u oc 1943- 

Preliminary report presented before the Texas Club of Internists, Fe . - • 

Received for publication, Oct. 26. 1943. 
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ti'tivx'nously tog'otlior witli iiitriivciious SJilyrgau, and increases of urinary out- 
put of 100 to 400 per cent were iiolod. In «m: case an increase of 840 per cent 
was noted in tlie case of a patient wlio Iiad i-ecoivcd 0 48 Gin, of theopliylline 
ethylenediainino intravenously, followed in a few iiours by 0.1 Gm. (1 e.c.) of 
mersalyl by vein. Tlie “oral purine-intravenous mercury'’ regime as well as 
other combination regimes have been advocated in previous publications from 
this institution.®’^ 

On the wards of John Sealy Hospital and in the Cardiac Clinic, our cus- 
tom in patients needing diuretics in addition to digitalis is to give a two- or 
three-day course of oral ammonium chloride (up to 6 or more Gm. per day) 
or theophylline ethylenediamine (up to 1 G’ni, per day). Tiiis is followed by 
the intravenous administration of mersalyl-thcophyllinc or mercupurin. This 
is the classical method. In some eases of gastrointestinal intolerance, the use of 
a single dose of potassium or ammonium cJiIoridc or nitrate (2 Gm.) or theo- 
pliylline ethylenediamine (0.4 Gin.) .some two liours before the mercurial lias 
been found to be as effective. This is tJie British method of Evan.s. In the 
most intractable cases of edema, theophylline ethylenediamine (0.48 Gm.), or a 
substitute, and the mercurial (2 c.c.) arc given intravenously in the same 
syringe. 

The results of diuretic therapy in the John Sealy Hospital were sum- 
marized,® and it was noted that decholin alone was relati\'ely ineffective, hut 
when injected intravenously (10 c.c. of 20 per cent) together with a mercurial 
a conspicuous diuresis resulted. Decholin also seemed to be particularly ef- 
fective in diminishing liver engorgement. 

Goodman and his co-workers’® have reported a series of cases in wliich an 
accidental intravenous injection of V/2 grains of llieophylline ethylenediamine 
one Iiour before intramuscular mersalyl (1 c.c.) slorted tJie reinvestigation of 
combined diuresis. They claim that the particular combination mentioned is 
the most effective. On the other hand, they claimed to have obtained greater 
diuresis from mersalyl alone than from mersalyl and aminophylline given si- 
multaneously. Their explanation of the relative failure of tlie latter combina- 
tion, as being due to quicker absolution and excretion of the mercurial, does 
not seem convincing. Tlie same argument is used to prove tlie superiority of 
salyrgan-tlieopliyUiue to salyrgan. Their study relied 011 daily weights only. 
AVe, on the other hand, by comparative studies in the same patient and in 
different patients, believe we have sIiovmi that some otlier combinations of intra- 
venous diuretics are the most potent yet devised. At least, .such combinations 
inaugurated brisk diuresis in cases which had proved refractory to all other 
methods. 

METHOD 

The patients used in this study were typically elironic cardiacs in con- 
gestive heart failure unrelieved by bed mt and digitalis. TJiey were continued 
on this regime, the usual low salt cardiac .soft diet, an intake of approximately 
1500 c.c. of fluids daily, and occasional oral acid salts or decholin. The diuretics 
were used in varying rotation. Mercurials in 2 c.c. dosage, theophylline 
ethylenediamine 0.48 Gm., and the two combined were so used intravenously. 
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111 a few cases theophylline inethyl-glucamine (gliieophylline, Abbott), theo- 
phylline isobntanolamine (Mei-rell), theophylline isopropanolamine (National 
Drug Company), theophylline sodium acetate (Upjohn), and decholin (Eiedel- 
de-Haen) were used in 10 c.c. dosage instead of aminophylline. In four cases 
aminophylline intramuscularly was injected two hours before the mercurial. 
Daily weights were unfortunately not obtained in all cases, for one reason, be- 
cause of the absence of a scale capable of weighing bedridden patients. Be- 
cause of that, comparative diuresis statistics are based on three-day percentage 
increases of urinary output, as in previous studies from this institution.^ 
Ideally, of course, a weighed diet containing a loiown constant liquid and salt 
content, a bed scale capable of weighing to fractions of a pound, and more exaet 
measurements of fluid output, including the amount lost in the stools, would 
be desirable. 

It is worth mentioning that, ivhile comparable statistics relating to each 
drug or combination are significant if enough cases are available, their com- 
parison in individual patients is, perhaps, .more significant. One drug or com- 
bination may fail in one patient and not in another because of individual dif- 
ferences in degrees of edema, digitalization, hypoproteinemia, cardiac decom- 
pensation, liver and kidney damage, and the like. For this reason the study 
of one patient, such as R. M, S. (see beloiv), for several months, is quite re- 
warding. 

RESULTS 

Table I summarizes the diuretic effects obtained in 94 trials in 16 patients. 
It may be profitably compared with Table II (Drs. Herrmann, Decherd and 
Associates’ 1940 series®). It will be seen, that, in general, mersalyl, fortified 
with xanthines or decholin, caused a greater diuresis than mercupurin or 
mersalyl-theophylline alone. The combination effects were at least additive, 
if not synergistic. Certain discrepancies are immediately discernible. Tl'® 
new smaller series show much lower values for diuresis in almost all subdi- 
visions. It must be i-emembered, however, that for the sake of studying indi- 
vidual refractory edema cases, the cases chosen would show lower diuresis 
figures. In many of them mercurials alone caused hardly any diuresis ; and that 
was even more true of the xanthines and decholin. The four cases receivuio 
aminophylline intramuscularly^ prior to mercurials intravenously are too fe" ^ 
have significant statistical value. They are not strictly comparable to ><- 
cases in Goodman’s series, since the order of administration in their eases vas 
reversed. 

The mercupurin combination responses are, in general, disappointing, a-' 
cept, possibly, for the theophylline sodium acetate combination. In tlie oie 
series, too, mercupurin and aminophylline gave statistically lower 
spouses than mercupurin alone. However, in the older experimental woi 
ill the new clinical series, the immediate diuresis (note first day figures) 
to be increased by the combination. Moreover, in individual cases the 
nation responses were more strildng than the figures would indicate. 
the validity of the statistics as a whole may be levelled the criticism 
probable error is high, due to extreme variations of response to the same 
or combination in the same patient and in different patients. 
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regards individual patients, combjijed diuretic therapy in all forms 
^vas more effective than mercai’ials alone in 11 out of 16 patients, questionably' 
aiore effective in tn'O more, and as cifectivc in the other three. No toxic effects 
H'ere noted except iji one patient, who had reactions to either mercupurin or 
ainjiiophylline. The same patient tolerated mersalyl-theophylline well. Two 
cases may be singled out for demonstration. 

Case 2. — ^3?. JI. S., John Scaly Hospital No. TSeoB. was a .22-year-old riieuniatjc cardiac 
patiCttt^ with triralvular stenosis, auricular fihrillatioa, cardiac cirrho.'ia, and ascites, who had 
been studied over four raondis. On digitalis, dccliolia, .and acid salts by moutli ho faded to 
respond to repeated mercurial aad xawthiae injections. After hospital admission, on intra- 
venous salyrgan-tiioophyllioo plus glucopbylline ho showed a marked diuros«s, wljercas the 
tno separately had fahed. Tlio replacewcnt of glucophjihzio by fheophyllinc isobutanolarainc 
rciUlted in a temporary intense in diure.sis. Smularlv, the aubstitiUion of dechoh'n and later 
of intramuscular and iatra>cnous a/mnophyiline ie.*.ultc»3 m greater diuresis. Mereupurin, 
likewise, njiije ineifecth-e alone, cauNcd walked Jiuicm.s when combined with tJieopliviline 
etkyleiio diiunuie. In )}is cate, at least, the r,jtatiOR of diurrtics and of their aioilcs of ad- 
ndnislratioa appealed to be of tla’i apeutic benefit (see TaWo 111). 

Case 2.— R. G., John Sealy Hospital No. o9J.02. a 14.yoar-oId Negro boy with con- 
strictive pericarditis, probably of tuberculous ctiologj', presented marked ascites and gen- 
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eralized edema. Jlercupurin and sal 3 Tgan-tIieophylline in 2 c.c. doses intravenously were at 
first effective, producing 24-liour urinary outputs up to 4000 to 5000 c.c. More recently, 
however, the diuretic responses were much lower. Aminophylline alone, in half gram doses 
intravenously, which had previously produced increased urinary outputs, roughly one-half 
those following mercurials, now failed completely. Mercupurin or salyrgan-theophylline at 
times caused no diuresis, and at other times, 24-hour urinary outputs up to 3000 e.c. Tlie 
mercurials combined with aminophylline gave consistently higher results, with outputs in ne.\t 
24 hours up to 4500 c.c. The same combined injections kept him in relative comfort in tlie 
Out-Patient Clinic, thereby avoiding frequent abdominal paracenteses. 

Table III 


Cojiparative Biukesis With Mercurial, Xanthine, Deciiolin and Combination 
Diuretics in Case E. M. S. 


DATE 

DRUG I.V. 

AMT. 

% AVERAGE urine OUTPUT INOKEASE 

1st 2nd 3rd TOTAL WEIGHT 

DAY DAY DAY 3 D-AYS LOSS 
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0 
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0 
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Glucophylline 
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75 
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75 

0 
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Glucophylline 
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Glucophylline 
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0 
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4 
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Theophylline-isobutanolam- 
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-P Salyrgan-theophylline 
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0 
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5 

12/16/42 

Theophylline-isobutanolam- 

10 c.c. 








-P Salyrgan-theophylline 

2 c.c. 

250 

0 


0 

250 

0 

12/21/42 

Same as 12/16/42 


220 

0 


0 

220 

0 

12/27/42 

Decholin 

10 c.c. 








•p Salyrgan-theophylline 

2 c.c. 

675 

0 


0 

675 


12/31/42 

Same as 12/27/42 


720 

60 


0 

780 


1/ 4/43 

Decholin 

10 c.c. 

75 

0 


0 

75 

0 

1/ 8/43 

Decholin 

10 c.c. 








+ Salyrgan-theophylline 

2 c.c. 

475 

40 


0 

515 


1/15/43 

Salyrgan-theophylline 

2 c.c. 

260 

0 


0 

260 


1/29/43 

Aminophylline 









+ Salyrgan-theophylline 

2 c.c. 

510 
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510 


2/23/43 

Same as 1/29/43 


675 
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0 

675 


3/ 3/43 

Aminophylline i.m. 
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2 c.c. 

700 
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hour 








3/16/43 

Same as 3/3/43 


740 

0 


0 

740 



DISCUSSION 

We we think, draw the preliminary conclusions Hiat fortification 

mersalyl, with theophylline ethylenediainine up to 0.5 Gm. of the latter 
ill greater diuresis than the addition of merely 0.1 Gm. of the jjjug 

latter is, of course, the amount in ordinary mercupurin or salyrgan-theophj o 
These have ahead}' been proved superior to their predeee.s.sors, tlie meic^^^^ 
without any theophylline added. In a study of creatinine clearances in 
Drs. Hermann and Deeherd® mentioned that “in three instances m v ^ 
mercupurin was fortified ivith aminophylline (0.24 Gm.) there was o 
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vej-y (oHipofaiy <!ccr«i.sc of fiUrutioi) liclmo ilmrosis hcHoii, but this was I'ot- 
JmvmJ by a conspicuous rise in the glonieriihir filtration along with the chavacter- 
istie mercurial impainiicnt ot tiilmlar ahsorplioii. This fortified coml)inatioii 
produced a more striking diuresis. 

Studies are now being conducted, utilizms; diodrast aud inulin renal elear- 
aiices, to measure renal blood flow and glomerular filtration, to study further 
to see if mercurials and xanthines have dift'ermit renal loci of action. It lias 
already been shown in previous blood volume studies of J)rs. Deeherd and 
Calvin and Hei'rnianid^ that while the niereurials cause mainly a decrease in 
blood volume by their renal effect, the xanthines may. after an initial drop, 
raise the blood volume conspicuously, iu spite of any diuresis produced. This 
may be a possible extrarenal effect of the latter 


sroiM.MSv 

The combinations advocated, then, arc liie h'gical oiilgrowtli of past c.x- 
pericnee and should prove according to previous exiierimental evidence to be 
more effective as well as less to.xic locally in and about tlie blood vessels and 
possibly on the renal tubular epithelium and the luer cell aud on all tissues. 
It has been shown that xanthines protect somewhat ngaiust jioisoning by organic 
mercuriaLs,*® The specific protection, if any, of the liver and kidno.v needs 
further proof. 

The diminution of liver damage and eongestion by deeliolin i.s still mainly 
a clinical surmise and should bo further tested experimentally, It is suspected 
that the choleretic action of deeholin and increased circulation in tlie liver 
promote the excretion of mercury and fluid from the liver.’ ' 

Blood volume aud renal clearance studies should he of help in the study 
of the mechanism of deeholin diuresis. More clinical data arc also needed. 

Overdehydration, which may occasionally be accomplished by tlie.se power- 
ful dittretio combinations, can certainly cause ga.strointestinal disturbances, per- 
haps muscle cramps, and other so-called to.xic nianife.st.afions seen .after mer- 
curials. 

The most that can bo claimed for any diuretic tlicrapy i.s not prolongation 
of life, but relative well-being of the patient. The qiic-stion of whether m.vo- 
eardial or renal damage is contributed to by repeated mercurial injections is 
not yet answered with finality. Theoretically, at least, the heart burden is 
lessened and digitalis action promoted by the diminution of refractory ana.sarcas. 
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IIUiAfAN SERUil TREATMENT OF ATYPICAL PNEUiAIONIA 


Lt. Ernest M. Solomon,^ MC-V(S), USNR 


T he fall and -winter of 1942-1043 -were characterized by the expected, or 
somewhat higher than expected, incidence of pneninonia among the person- 
nel of the Glenview Naval Air Station. The disease occurred in both flying 
and nonflying personnel, witli a higher incidence in the former. The usual 
typical pneumococcus lobar pneumonia was the exception rather than the rule. 
From Sept. 1, 1942, to ^lay 1, 1943, there were 19 cases of lobar pneumonia and 
61 cases of pneumonia of an atypical character, having all the aspects of a 
clear-cut symptom complex, which lias already been described by a number of 
authors.*'® The U. S. Navy has recognized and identified this syndrome in its 
official nomenclature as ^'pneumonia, primary atypical, etiology unknown.” 
Other diagnostic terms include “virus pneumonia,” “atypical pneumonitis,” 
“acute atypical bronchopneumonia,” etc. 

The clinical aspects of the sj'ndrome are fairly characteristic; they are, in 
brief, an illness moderate in severity with gradual onset following a mild upper 
respiratory infection, severe malaise, nonproductive irritative cough, headache, 
chilliness, fever rarely exceeding 103° F., a relative bradycardia, normal to 
very slightly accelerated respiration, minimal or absent physical signs in the 
chest, a relative leucopcnia, a few or no pneumococci in the sputum, charac- 
teristic roentgenographic findings diagnostic in them.selves, and a negative re- 
sponse to sulfonamides or any otJier specific therapy for pneumonia. 

Our first cases occurred in November and December of 1942. In approxi- 
mately 65 per cent of the cases the pathology was in the lower lobes, and in 
over half of these in the riglit lower lobe. The fever usually fluctuated daily 
between 100° and 103° P. with a inoiiiing peak in more than one-half the eases. 
This was so characteristic that whenever a man with no physical signs had a 
fever peak in the forenoon and approached a normal temperature in the eve- 
ning, we jiromptly x-rayed his lung fields, anticipating pulmonary infiltration 
of an atypical character. Chest pain was unusual in our cases. An occasional 
patient produced blood-tinged sputum. In no cases was there a true chill. 

The febrile state lasted from five to eleven days, averaged about six days, 
and terminated by lysis. The roentgenographic findings persisted long after 
the fever subsided in all eases, and took upwards of four weeks to subside, 
occasionally longer. A surprising feature was the prolonged debilitation fol- 
lowing a relatively mild disease state. Iiiasniucli as patients in military hos- 
pitals remain hospitalized until ready to return to active duty, there are more 
sick days for any given condition in military life tlian in civilian life. AVc 


•From the U. S. Naval Air Station. Glenview, 1H. 
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found it necessary to keep our convalescent patients as long as fifty days before 
returning them to duty. This was, of course, particularly true of flight personnel. 

The disease has been frequently reported to be of a highly contagious nature. 
No effort was made to segregate such patients in our wards, and no spread in the 
ward was obseiwed. 

Although fatal cases have been reported,^ the prognosis in general is ex- 
cellent. In our series there were no deaths directly due to pulmonary pathol- 
ogy, but one death occurred because of a complicating meningo-encephalitis 
(confirmed by autopsy). The only other complication we observed was an ap- 
parent relapse with a return of the nonproductive cough as the most severe 
symptom. However, we soon came to believe that this was really due to too 
early release to active duty. 

Treatment with sulfonamides had no favorable effect on the course of the 
disease, and at times was actually a drawback. Many patients were made 
more uncomfortable because of nausea, and an already low leucocyte count 
was sometimes reduced to a dangerous level; accordingly these drugs were dis- 
continued after the first few cases. Oxygen did not seem necessary and was 
used only once; in the fatal case wherein there was a mai’ked cyanosis, the 
consolidation involving many lobes. 

The only successful treatment so far described from the standpoint of 
shortening the number of sick days is the use of roentgen therapy. In 95.6 pei' 
cent of the author ’s cases so treated, the febrile period, total number of sick 
days, and the days for resolution, as proved by x-ray, were reduced roughly 
one-half.° 

Wolf and Levinson' have reviewed the field of specific human convalescent 
and hyperimmune sera. They emphasized that "immunotransfusions should be 
reserved for diseases in which humoral immunity is a significant factor. 
However, they further state that “the persistence of circulating antibodies 
years after recovery fi'om an attack of certain diseases is a noteworthy occur- 
rence,’' and also point out that “normal adult serum provides an appreciate 
degree of protection against a variety of common diseases.’’ 

The natural thought occurred, therefore, that a specific humoral immundy 
might be set up, if only for a short time, in the symptom-complex describe m 
this paper. Accordingly, patients were chosen from our first “wave” of cases 
as donors for a supply of serum. Two hundred and fifty cubic centiiueters 
of blood were drawn from each man, no sooner than thirty days after the cessa 
tion of fevei’, and as soon thereafter as possible. This blood was then pioc^ 
essed into serum, pooled, and bottled in 250 c.c. units.* This was stored lu^ 
refrigerator to eonseiwe antibody content. Only eleven such units weie 
taiued. The small supply was due to the fact that many of our patients a 


rapidly lost to us through transfer to other places of duty. 

Results . — Ten patients wei'e treated with this first supply of seriini. 
selected an arbitrary initial dose of one unit (250 c.c.). In nine of the 
unit was adequate to produce a satisfactory clinical response. In 
was a second unit administered. The latter case will be described m < ® 


•The serum was proces.scil by the Samuel Deutsch Serum Cent^. fnr the 

Chicago. 111. We wish to express our thanks to the director. Dr. S. O. plasma, 

for his generosity in making available to us his wide experience with serum 
for his constructive interest and aid in this piece of work. 
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and any one of the other nine -will serve for reporting, so typical was the 
response. 

^ The immediate and late results both wore most gratifying. In nine of the 
patients the fever fell to normal by crisis within twelve to eighteen hours and 
remained there. No unfavorable reactions were noted. Recovery from the 
acute symptoms followed rapidly with a moderate cough persisting for from 
ten to fourteen days. Subjectively, and compared to the untreated eases, the 
response was good ; the patients felt well, woiildn 't lielieve tliat they had pneu- 
monia, and universally expressed a desire for early return to duty. This latter 
feeling stood out in marked contrast to the unttcatcd patients who felt ex- 
liaiisted, and showed no inclination to return to duty for some weeks after 
their fever had subsided. The number of sick days in the untreated cases 
aveiaged approximately 39 days; that in the small minilier of treated patients, 
22 days. This accounted for a saving of sick time of appi'oximately 45 per cent. 

The x-ray findings as a general rule were not .so niiickly affected. In several 
cases, treated within 24 liours of the onset, the con.solidatioii seemed to resolve, 
as sho^vn by x-ray, within the week. However, in tlie remainder of the cases, 
the findings on x-ray disappeared gradually over a period of two weelis. This 
^yas somewhat faster tliau in the untreated eases in which the x-rays were posi- 
tive for from three to four weeks. However, early resolution was seen in an 
occasional untreated case, so these result.s are not considered conclusive. 

Case 1 (Control, Illustrative Case). — .T. H. was admitted on 12/28/42 with complaints 
of chilliness, malaise, headache, sore throat, and cough. Admission temperature ^^a8 103.8* F., 
pulse 94, respiration 24. Tlio physical examination revealed only an injected pharynx, 
X*ray disclosed an atypical consolidation in the left lower lobe. Tlic leucocyte count was 
6,200, with a normal dilTercntial. This patient received only symptomatic treatment. Fever 
subsided on the ninth day (Fig. 1), and the patient was returned to active duty with 38 
days^ total sick time. 

Cask 2 (Sorum-Treated, Illustrative Case). — J. M. was admitted on 2/15/43 with iden- 
tical and characteristic complaints. Admission tempeiature was 102.2“ F., pulso 88, respi- 
ration 26, Tlio examination was essentially negative. X-iay revealed atypical consolida- 
tion in the lower right lobe. Two-hundred and fifty c.c. *‘viius pneumonia serum" were 
injected intravenously on the morning following admission. 

The temperature fell by crisis to normal in less than 24 hours, the findings cleared on 
the twelfth day, and the patient was icturned to duty with a total sick time of twenty days. 

Case 3 (Sorum-Treated, Illustrative Case). — W. il. C. was admitted on 3/18/43, com- 
plaining of cough and nasal congestion for past few days. Admission temperature was 
100.8* P., pulse 96, respiration 20. Physical examination revealed au injected pharynx and 
occasional fine crepitant rales in the left chest, posteriorly. Leucocyte count was 6,200. 
X-ray on the day of admission disclosed an atypical consolidation of the lower left lobe. 

On 3/20/43 the temperature was 101.8“ F. in tlio luoniing, and 250 c.c. of convalescent 
virus pneumonia scrum’^ were given intravenously. There uas no reaction. The tem- 
perature fell to normal within 36 hours (Fig. 2) and remained there, except for one reading 
of 90.2“ P. on the eighth day. This patient was discharged from the hospital on the six- 
teenth day, and returned to full duty on the twenty-third day. The x-ray findings were 
normal before discharge from tho hospital. 

Case 4 (Sorum-Treated, Two Hoses Pequiied). — K, C. uas adnulted on o/16/4.'{ with 
eoiiiplaints of chilliness ami feverishness for two days; coryz.v and cougli for several day.s 
previous; admission temperature was 102.8“ P., pulse 100, and respiration 20. Pliy.-iical 
examination revealed only a mild injection of the pharynx and occasional crepitant rule< 
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in tlie right chest posteriorly. Chest x-ray was normal. Leucocyte count was 7,650. X-ray 
on 3/19/43, a repeat roentgenogram, revealed an atypical consolidation of the right middle 
lobe. At this time the temperature was 103° F. 

Two hundred and lifty cubic centimeters of convalescent “virus pneumonia serum” weie 
given intravenously. Two hours later the patient experienced a chill lasting thirty minutes and 
the temperature gradually rose to 104.2° F, ISTo such reaction had been observed previously, 
or has been seen since, and we believe it was due to faulty preparation of the tubing. 
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Tho temporaturo fell slowly l>y lysis but approaclied 101“ F, three times in 72 hours. 
Tliercforc, on 3/22/43, a second unit of scrum \\as i;i\en. Thcio was a pionjpfc return to 
normal temporaturo (Fig. 3), and this patient ^^U‘i -eni in :u tivc tlvty on 4/S/43, a total 
of only 23 sick days. 

Discusslou ujid i:summanj . — ^rUthoiigh tliis ttiNOiisu hay a low mortality, the 
lou*' hospital stay makes this no ordinary military liability. The disease inci- 
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(lenuo aiul severity luive increased in the past sevei-al years. There is evidence 
to support the belief that tlie coining winter, j)articu)arly with lar^e. eonceii- 
trations of people and mass shiftinjr of population, may bring an epidemic of 
atypical pneumonia, larger in seojic ami more severe in nature than has been 
seen previously. In the absence of specific therapy, the treatment with con- 
valescent serum yielded interesting results. Cases of atypical pneumonia which 
did not receive serum displayed fever lasting from tivc to eleven days, which 
dropped to normal by lysis. Coiivaleseencc was prolonged; lasting on an 
average of 39 days. Nine out of ten patients treatc<l witli convalescent “virus 
pneumonia serum” had a temperature drop to m*rmal by crisis, and a reduc- 
tion in the convalescent period to an average of twenty-two days. These 
patients responded to one dose of 250 c.e. of serum Only one patient did not 
respond in this way, but showed a beneficial effect following a second dose of 
serum. Despite the rapid temperature drop to normal, and a very marked 
decrease of convalescent time, the days for resolution as shown by x-ray, were 
not shortened in proportion, altliough some reduction was noted. 

The cases treated occurred in late winter and spring and were from our 
second “wave” of cases. Cases for treatment were neither chosen in succes- 
sion nor in alternation witii unti’eated cases Rather we treated only those 
cases who had the most clear-cut syndrome and who seemed to be the most 
severely ill from a clinical standpoint. The last case treated with convalescent 
serum occurred in late jMarch. AVe continued to see patients with this syn- 
drome all through the month of April, wliich was unusually cold and wet this 
year in this locality. 

Ill these late cases, due to the lack of convalescent “virus pneumonia 
serum,” pooled adult serum in the same dosage was employed. The response 
in these few patients seems to be comparable to that obtained with the con- 
valescent serum. This may be due to the fact that a large percentage of the 
normal adult population was antiviral substances against this, as yet uniso- 
lated, causative agent. This is tlie experience with certain other virus diseases. 
Further study along this line seems indicated, particularly in view of the fact 
that pooled adult serum or plasma can be obtained with relative ease. 
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A CASE OP MENINGITIS IN A PREMATURE INFANT DUE TO A 
PROTEOLYTIC GRAM-NEGATIVE BACILLUS^ 


Bernard H. Shulaian, M.D., and Mary S. Johnson, A.B., Brooklyn, N. Y. 


T he occurrence of meningitis is less common in the newborn infant than in 
older children, and the incidence of the disease in premature infants is rare. 
Koplik^ observed meningitis in twelve infants less than three months of age, 
and only one case in a prematurely born infant was reported. This was an 
infant of seven months’ gestation that died, of Streptococcus meningitis at the 
age of six weeks. Pothergill and Sweet* in a review of 705 eases of meningitis 
in children up to tumlve years of age presented onlj’- three eases in premature 
infants. One was caused by Pneumoeoeeus in an infant of eight months’ gesta- 
tion ; one occurred in an infant delivered by cesarean section in the eighth 
month of gestation and was caused by an organism of the Alcaligenes group; 
the third case reported by them occurred in a premature infant of seven and 
one-half months’ gestation and was due to B. acidi lactici. All these infants 
died. Craig^ reported 21 cases of neonatal meningitis. Seven of these oc- 
curred in infants born four weeks prematurely, and 8 in infants born six or 
more weeks prematirrely. None of these survived. Kutseher^ reported a case 
of Alcaligenes hooJceri meningitis, with recovery, in a four-mouth-old infant 
that had been born two months prematurely. No chemotherapy was used. 
In a review of 42 cases of meningitis in the newborn infant, Barron® did not 
report any cases in prematurely boim infants. Holt® reviewed a series of 300 
of his oAvn cases of meningitis in infants up to three years of age. Only P 
were in infants under three months of age, none of which were prematuie. 
Borovsky" reported in 1930 that out of 190 patients with Meningococcus men- 
ingitis admitted to the Cook County Hospital in Chicago within a period oi 
eighteen months the youngest was three months old. Cooke and Bell® m a 
report on the incidence of meningitis in early infancy reported only 10 ca.ses 
under three months. None were in prematures. In a series of 136 cases 
meningitis reported by McLean and Caffey® the youngest case included 
a tweuty-three-day-old full term infant. In 1926 NeaP“ reviewing the liters 
ture on meningitis caused by the bacilli of the colon group in’eseiited 118 cases 
and none were in prematurely born infants. In 1935 Ravid'^ reviewe 
eases of meningitis seen in the New York Post-Graduate Hospital in the 
year period from 1928 to 1931, and only eight were in infants uiidei tue 
months. None occurred in prematures. Cooperstock’* reportea n 




meningitis under one year of age and none were in premature infants. 

"\Ve are reporting a case of meningitis due to a proteolytic ^ 

bacillus in a prematurely born infant treated successfully w'ith sulta 
This ease is of particular interest because of the unusual organism ni' 
the use of chemotherapy, and the subsequent recovery. 

• ■ Long 

•From Uie Department of Pediatrics and the Department of Bacteriologj . 

College of Aledicine Division, Kings County Hospital. 

Received for publication, Oct. 29. 1943. 
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CASE REPORT 


J. P., a iiine-day-old premutuie funuilc infant, was admitted to tlio Extramural Pre- 
iiiaturo Nursery of the Long Island College of Medicine Division at Kings Countj’ Hospital 
on Dec. 19, 1942, because of jaundice, discharging eje*!, and weight loss. 

The family history was noncoutributory. The mother was 24 years old, and there 
had been no previous pregnancies. The antenatal history wa.s inteicsting. When the 
gestation had reached four montlis, the niotlicr who w.is unaware of the piegnancy under- 
went an operation for a uterine tumor. The pregnanev w.is discovered and allowed to 
continue. The pregnancy progressed uneventfully until the eighth month when the mother 
went into spontaneous labor and delivered a 5 pound, 5 ounce, female infant by vertex 
presentation at another hospital. At the time of delivery the mother was in excellent 
health. 


After birth the infant fed poorly de.spite changes m tiie fornuila. During the week 
prior to admi.ssion the weight fell to 4 pounds and Id ounces On the fifth day the child 
became jaundiced and appeared weak. On the da.v befoie admission the infant developed 
a purulent nasal di.schargc and edema of tlie periorbital region. A diagnosis of acute 
ethraoiditis and sepsis was made and tlio child transferred to Kings County Hospital. 

On admission the child was nine days old. She appeaie«l .laundiced, weak, and had a 
feeble cr}*. The admission temperature was 95* F. and the weight was 4 pounds and 12 
ounces. There was a moderate amount of nasal di.scluirge, but no periorbital swelling was 
noted. There was a slight discharge from both eyes. The buttocks were red and inflamed. 
The umbilical stump wms moist. 

The infant was admitted to the Extramural Picniature Nursciy and placed in an 
incubator. A urine analysis on the second hospital day was noinuil. On the same day a 
blood count showed 13 Gm. of Itcmoglobin .and 14,000 white blood cells per cubic millimeter 
'vith 40 per cent polymorphonuclear cells and 54 per cent lymphocytic cells. The icterus 
index was 60 units. Cultures of the discharge from the eves revealed diphtheroids. Cul- 
ture of the drainage from the umbilical stump was positive for B. proteus vulffaris, Staphy- 
lococcus alhvs, and a few colonies of nonhemolytic Sticptococcus 

For the first week the patient did poorly. AH feedings were taken witli difficulty 
ond the weiglit continued to fall despite gavaging. On the ninth day in the hospitnl it wns 
observed for tlie first time timt the child held the head letracted and had n high pitched 
ory. At the same time tlie temperature lose to 102- F. mid the infant appeared niueli 
weaker. A lumbar puncture was pcrfoimed with dirtlculty and blood-lingcd fluid was with- 
drawn. The presence of led blood cells in the cerebrosiiiiial fluid was attributed to trauma 
in pcrtoiiiiing the tap. A specimen of the fluid was sent to tlio liiboiiitory for culture null 


reported positive for Gram-negathc bacilli. 

On the eleventh day the spinal tail was lepeatcd and cloudy xautliocliroinic fluid iviis 
obtained. The fluid contained 500 white cells per cubic uiillinietcr with On per cent poly- 
niorphonuclear leucocytes. The sugar content was too low to estimate quantitatively. . 
culture of the fluid was again reported positive. A blood cult.iro taken on the same day 
was also positive for the same organism. On the twelfth dav the cliil itve opei 
■ngs of the arms which lasted only a short time and did not rerui. On the si.vteciitli los- 
I'ital day the spinal fluid contained only 30 cells per cubic millimeter with oO pei cent 
lymphocytes. The sugar was 17 milligrams per 100 c.c. A cultuie of the fluid iva3_ still 
positive. On the twenty-second day tho fluid was clear and the cell count was _1,) per 
cubic millimeter with 100 per cent lymphocytes. The sugar liad risen to -o milligrams po 
100 c.c. A culture was sterile for the flist time. A blood culture was likewise sterile. i 
final spinal tap on the tliirlyfirst day was .ag.ain sterile. The cell count wns Oo per cuhie 
millimeter. Tho sugar was .18 inilligr.ims per 100 c.c. 

Several uttoliipts to isolate the silliic organism from the stools were unsuccessful. 

Oil the tenth day the patient was started on sulfathiiiziile by mouth. She received 
0-M Cliii., daily until the thirteenth d.ay when the dose was increased to O.oO Gin. daily. 
'I'his Mas continued until the thirty-second hospitnl day. During this course licinn 
theiapy the blood titcis ranged from 1.3 to 6.3 milligrams per 100 c.c, 
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On the third, thirteenth, and thirty-first days the infant received transfusions of whole 
citrated blood. 

For the first three weeks the child was weak and pale. The temperature ranged from 
99° F. to 102° F. At the end of this time it returned to normal and with the exception of 
an isolated rise on the thirty-first day following a transfusion it remained normal. The 
admission weight of 1 pounds and 12 ounces fell to 4 pounds and eight ounces. On the 
sixth day breast milk feedings were started and on the ninth day the weight began to rise. 
The gain was progressive. The icterus gradually subsided. 

On the fortieth hospital day, at the age of forty-nine days, the infant w'as discharged 
in excellent condition weighing six pounds and four ounces. 
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BACTERIOLOGY 

The microorganism recovered upon one occasion from the blood and h'oia 
three' consecutive cerebrospinal fluids of the patient, J. P., was a nonmotie, 
short, straight Gram-negative bacillus with rounded ends. The bacilli occurie 
singly and were uniform in appearance in young cultures, but long filamentous 
forms were found with regularity in old fluid cultures. No branching or m 
volution forms were observed. The organism was not acid-fast and s au 
readily and evenly with all the usual dyes. Flagella, endospores, capsules, an 
metaehromatic granules were absent. 

Growth Avas abundant on all ordinary media and Avas not enhanced . 
the addition of accessory substances. Surface colonies on agar Avere ci 
circular, loAV-coiwex, and amorphous Avith smooth surface and 
There Avas no hemolysis or discoloration on rabbit blood agar. After 
incubation at 35° C. the diameter Avas 2.5 to 3.0 ram. and the eoloi 
Avith a yelloAvish tint. On gelatin, colonies Avere larger in size, nieg 
shape, and medium granular in structure. Licpiefaetion Avas rapid an ^ 
cultoe Avas infuudibuliform, extending to the base of the inoculation, 
blood serum Avas partly digested in five days. lindh'd 

Chromogenesis on extract agar and on glycerol peptone agai 
to the slight yelloAV of young cultures Avhich deepened to lemon-ye o 
long incubation. Neither fluorescence nor diffusing pigment Avas seen 
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time. Growth, on potato was abundant and the yellowish-gray color present 
early became brown with browning of the medium in two weeks. These yellow 
and brown pigments were not soluble in water, alcohol, chloroform, or weak 
alkali. 

Tlie organism was aerobic, facultative anaerobic with an optimal growth 
temperature of 35® C. though it grew easily at 22° C. It was killed by expo- 
sure in a water bath to a temperature of 56° C. for 30 minutes. Growth was 
not inhibited by crystal violet, brilliant green, or sodium tellurite, but was 
prevented by bile salts in the concentrations commonly used in differential 
media. 

Litmus milk showed an alkaline reaction; litmus was reduced except for 
a blue surface ring; a soft coagulum v'ith serum layer was formed and subse- 
quently peptonized. Indole, ncet 3 'l'methyIcarbiiioI, and hydrogen sulfide were 
not produced. Nitrates were not reduced. Methyl-red and citrate agar tests 
were negative. Starch was Iiydi'olyzcd and tests for catalase and methylene- 
blue reductase were strongly positive. 

No visible acid or gas was produced over a period of four weeks in peptone- 
carbohydrate broths; however, when the substrates were incorporated in a 
synthetic medium (0.2 Gm. magnesium sulfate, 0.1 Gm, calcium chloride, 0.2 
Gm. sodium chloride, and 0.2 Gm. dipotassium phosj)]iate per liter of distilled 
water)*’’ with brom cresol purple indicator definite reactions as sho\ni by dis- 
tinct color changes were, obtained. Glucose, mannitol, lactose, maltose, glyc- 
erol, saliciii, le^mlose, trehalose, mannose, and dextrin were fermented with 
the formation of acid only in seven to ten days, while xylose, sucrose, arabinose, 
raffiiiose, eellobiose, rhnmnosc, adonitol, galactose, inositol, inulin, duleitol, and 
sorbitol were not affected. It is interesting to note tliat while the methyl-red 
te.st was negative, the final pll of glucose-synthetic medium was 4.2. 

Macroscopic agglutinations were negative with all available diagnostic 
immune serums in dilutions 1:20 through 1:320. Antiseruiua of the Shigella, 
Eberthella, Salmonella, and Brucella groups, and PasicxircUa iuJarensis were 
employed. 

In a small series of laboratory animals, pathogenicity was found to he of 
a low degree. Guinea pigs survived an intra-abdominal inoculation of 1 c.c. 
of an 18-hour broth culture. Of 6 jnice inoculate<l intra-abdominally with 
0.5 c.c. of the culture, one appeared sick on the eleventh day and succumbed 
on the twelfth. The test organism was recovered from the heart's blood, peri- 
cardial exudate, spleen, and from small abscesses in the liver and mesenteiy. 
A second mouse became sick on the twenty-seventh day and was sacrificed. 
Cultures of the heart's blood were negative, but the enlarged spleen and an 
abscess in the liver yielded pure cultures of the bacillus. The remaining 4 mice 
survived. The organism was not altered in any waj' by mouse passage. 

Among the organisms causing meningitis many varieties of Gram-negative 
bacilli have been reported. Of these, w'ith the exception of JTcmophiliis influ- 
enzae, bacilli of the colon group were noted mo-st frequently especially in 
infants. Ilarrou^ found that in 42 cases in infants under 5 montlm, 14 were 
caused by Escherichia coU and one each by Friedliindcr's bacillus, typhosus, 
lactis aerogencs, pyocyaneiis, and //. influenzae. NeaE° reported 50 cases under 
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3 months of Avliich 5 were due to Gram-negative bacilli, 3 to E. coli, and 2 to 
If. influenzae. The remainder were tuberculous or coccal. Of 21 neonatal mea- 
ingitides reported by Craig, ^ 10 were due to E. coli and 11 were coccal. Kaiich 
and Krinsky^^ in 1940 concluded that although coli meningitis is rare when 
all meningitides in infancy and childhood are included, “coliforin bacilli” are 
the eommonest cause in infants under three months. Case reports have cited 
as other etiologic agents of meningeal infection, bacilli of the Salmonella, 
Proteus, Brucella, Pasteurella, and Alealigenes genera and Koch-Weeks ba- 
cillus of the Hemophilus group. In others the causative bacillus was not 
identified. 


The difSculties to be encountered in identifying a culture "without accepted 
suitable criteria are obvious. Antigenic analysis is not always possible, and 
while an organism may seem to belong in a given classification mth morphology 
as a criterion, it may be excluded from that same classification on the basis of 
physiologic characteristics. In the case herewith reported, the authors believe 
that any classification of the organism which for convenience is referred to 
as the “J.P.” bacillus would be ai-bitrary and possibly erroneous, and they 
prefer to present the bacteriology in detail with comment upon similar de- 
scribed species. As tests for cai'bohydrate fermentation by these organisms 
were carried out in peptone-containing preparations used in routine investiga- 
tions by most workers, it is necessary to use the negative reactions obtained 
with the “J.P.” bacillus in this type of medium as a basis for comparison and 
to regard it as a ‘ ' nonfermenter. ’ ’ 

In 1933 Pother gill and Sweet* included in 9 cases of “colon group” men- 
ingitis one in which the bacillus recovered fermented no sugars and produced 
a slight yellowish pigment. Other data were not given. 

Hazen and Mortillaro^* in 1936 reported a fatal septicemia in an adult 
female caused by a “Hitherto Undescribed Microorganism of the Alealigenes 
group.” Their bacillus, although nonmotile, M.R.-negative, V.P.-negative, 
indole-negative and nonfermenting, was not proteolytic, did not change the 
reaction of litmus milk, and had variable pathogenicity for guinea pigs 
none for mice. 


A motile proteolytic member of the genus Alealigenes, A. hookeri, an m- 
testinal inhabitant, was recovered from a case of meningitis by Kutscher m 
1937. A. bookeri differs from the “ J.P.” bacillus in being motile and reducing 
nitrates to nitrites. There is a tendency in many laboratories to classify rea • 
ily cultivable nonpigniented and nonfermenting Gram-negative bacilli, espe 
cially those of fecal origin, as Alealigenes. Although this seems a possi e 
genus in which to place the “J.P.” bacillus, Ave do not feel justified in do''k 
so. The genotype, A. fecalis, has always been defined as peritrichous anc ro 
producing, neither acid nor gas in any of the usual test substances. The pcs 
sibility that A. fecalis might utilize glucose in such a manner that the reae 
could not be detected by the usual culture methods Avas investigated by 
Prom tests on synthetic media of nonfermenting soil bacilli and 23 j 

nonfermenting intestinal bacilli from 6 different souree.s, he concludei > 
“The Aveight of eA'idence from this comparison of cultures is that A. 

•ally recognized, does not groAv on the particular synthetic u'c 


as generi 
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HcIcctcMl, jiiul unlike flic soil foi'iiis, cniiiiof itiake use of •^Ineosc on sucli a 
iiiediuiu. There is no evidence at liaiid to indicate tliat ^1.- fccalis, as roiire- 
prcseiilcd by the bulk of cultures received, can «frou' without organic nitrogen.” 

The baciihis is analogous to the soil forms and inconsistent "with 

the intestinal forms in its ability to utilize glucose and inorganic nitrogen as 
indicated by abundant growth on this niedium. 

One of the nonintestinal Alealigenes, A marshdlhi, described in Bergey’s 
^fanuaP® as a proteolytic nonmotiJe milk bacfernim with yellow chroniogenesis, 
parallels closely the bacillus in the morphologic and physiologic prop- 

erties recorded, but the description is meager and the species is not well de- 
fined. Conn*® in a treatment of the “Validity of Genus Alcaligenes” has 
recommended that this species, along with other nonintestinal Alcaligenes, be 
transferred to “an appendix of inde/initely described species.” 

Of bacilli reported in eases of meningitis and described as forming no 
visible organic acid from carbohydrates, the “J.P.” bacillus resembles most 
closely the one reported by Cooke and BelP in 3022 as a “distinctly new type 
of organism” and for which they proposed the name ‘‘Bacterium clasticum.” 
With the exception of B. elasticum*s viscid type of growth and its greater 
virulence for mice, the t\vo bacilli possess like properties. By intra-abdominal 
injection B, elasticum was fatal to mice in twelve hours, and a small capsule 
'vas demonstrated in smears of the mucoid peritoneal exudate. The organism 
was nonmotile, strongly proteolytic, peptonized milk with little change in reac- 
tion and had no virulence for guinea pigs. There was no fermentation with 
gas of any sugars, but small amounts of acid with some were detected by 
changes in pH from 7.5 to 7.0-6.6, but never lower. These observations were 
made from peptone-containing cultures. In this type of medium we also noted 
that with some sugars pH reactions were lowered slightly. 

Elrod and Braun**' with synthetic preparations found that Pseudomonas 
aeruginosa attacked glucose, xylose, and arabinosc, although Topley and Wil- 
son,** Sandiford,*® and Zinsser and Bayne-Joncs*® stated that glucose only was 
fermented. These studies suggest the possibility that some of the so-called 
“inert” proteolytic alkalinizing bacteria might prove to be acid-producing if 
methods other than those in general use were applied. 

Similarities of a physiologic nature may indicate a relationship between 
the “J.P.” bacillus and the Pseudomonadeac consisting of the pyocyanigenie 
and fluorescigenic bacilli and the plant pathogens, Phytomonas. Hany of the 
phylomonas form green fluorescent pigment, but others may be yellow or white. 
H is significant to us that Elrod and Braun*' found 2 strains of Pseudomonas 
pohjcolor to be indistiiiguisliable from strains of Ps. aeruginosa and that many 
authorities agree that differentiation of Ps. pijocganea and Ps. fluorescens is 
often impossible. The pathogenic potentialities of Ps. aeruginosa are well kno^vn, 
and it has been reported frequently in cases of meningitis. Although Bergey 
et al.*® state that this organism produces indole, all of the fifty strains tested 
Sandiford*® were negative ; indole was not formed by any of the pathogenic 
strains studied by Zinsser and Bayne-Joiies''® nor by the 15 strains of Elrod 
and Braun.*^ The latter authors state that rapid liquefaction of gelatin and 
failure to form indole are considered characteristic reactions of the species, 
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and aiitliorities do agree in describing Px. acriujinosa as motile and capable of 
liquefying gelatin. 

Dissociants may arise, Iiomever, wdiicli show loss or alteration of one or 
more essential characteristics. Sonnenscheiii (Zinsser aiid Bayne-Jones-'’) de- 
scribed a mucoid encapsulated variety in 1927. Blanc (quoted by Hadley-') 
produced by the “modifying” action of filtrates a strain in which both pyo- 
cyanine and fluorescein were suppressed with a concurrent loss of the power 
to liquefy gelatin, Gessard (Hadley^^), by the use of heat or animal passage, 
obtained from a strain with both pigments one producing fluorescein only. 
Hadley-' described variform types derived from a single lysogenic strain. His 
resistant nonlytic “E” type, capable of reproducing its own type only, was 
ahvays nonpyocyanigenic and sometimes aehromogenic. Loss of pigment was 
accompanied by depression of proteolytic activity. This correlation was not 
found in the “J.P.” bacillus in which feeble pigmentation was associated with 
a strongly active proteolysis. 

It is well recognized that under artificial conditions bacterial transmuta- 
tion may give rise to types which scarcely resemble the “parent” strain. In 
medical bacteriology the primary isolation of atypical strains is not iineonnnon 
and presents only temporary taxonomic difficulty if the dissociation is of the 
reversible type. If, on the other hand, the variant were of the relatively pei’- 
manent type retaining its aberrant properties under diverse conditions, classi- 
fication of the variant and identification of the “original” species might prove 
impossible. Over a period of five months there has been no change in the 
characteristic morphology and reactions of the “J.P.” bacillus. Although h 
is our impression that a close relationship to those allied families, the Khizo- 
biaeeae and the Pseudomonadaceae, is probable, a correct identification cannot 
be made at this time. 

SUMMARY 

A case of meningitis due to a proteolytic Gram-negative bacillus in a seven- 
month premature infant is reported. 

The successful use of sulfathiazole is described. 

A detailed baeteriologic investigation of the organism with a discussion 
of similar Gram-negative bacilli is presented. 
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STERNAL BONE MARROW IN THE AGED* 


Carl Reich, M.D., Morgan Swirsky, M.D., and Dorothy Shith, jV.B. 

New York, N. Y. 


D uring the past few years a great deal of attention has been focused upon 
the medical problem of the aged. This is due in no small part to the fact 
that improved methods of preventive and therapeutic medicine have increased 
life expectaney by sixteen years. 

The most pronounced pathologic clianges seen in the aged are tliose of 
atrophy. The internal organs deerease in size, the liver becomes a flabby 
shrunken organ, and the bones become rarified. 


The formative tissue of the blood, the bone marrow, is the most active tissue 
of the body, from infancy to old age. Tlie red and white cells are being con- 
tinually destroyed and replaced, and the bone marrow must always be ready to 
regenerate at great speed, to meet any unforseen demand for granular or 
erythroid cells. 

It would, therefore, seem of impoi’tance to study the bone marrow in the 
aged under varying conditions, especially in regard to possible atrophic change. 

To accomplish this, one hundred old patients, both male and female, si.'dy- 
five to ninety years old, were selected for study from the clinic wards of a large 
city hospital. 


Stei’nal punctures were done in the usual wajL A small spot of iodine was 
painted on the midsternal area opposite the second intempace. Novocaine was 
injected, and a 16 gauge needle Avas tapped into the mai’row cavity. Foiu 
c.c. of marroAV Avere aspirated and placed into a tube prepared preA'iously bj 
evaporating one c.c. of 1.4 per cent sodium oxalate to dryness. 


Total nucleated cell counts Avere done. The material Avas then centrifuge , 
the plasma Avas discarded, and cellular material recentrifuged in a thin lube- 
The marroAv layer Avas then removed and smears Avere made and stained thut} 
minutes by Wright’s stain. 

Differential counts of the smear Avere not done OAving to the inaccuracy of 
the method. Instead, the smear Avas examined just as a section of tissue is exam 
ined and judged in regard to megakaryocytes, gramdar cell, and ery n 
activity. 

At the same time, hemoglobin and Avhite cell determinations Avere done on 
the same patients to cheek on the concomitant changes in peripheral b oo . 

A study of the experimental data reveals that the bone marrow 
relatively normal in the aged. This is rather surprising at first since die 
eral tendency in old age is one of atrophy. On second thought, lioiAeACi, i 


♦From City Hospital. AVelfare Island. 
Received for publication. Nov. 23, 1343. 
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uasy to see tliat life could not continue very long after tlu* hone marrow became 
atix)i)Jiie, and tlieiefore survival to old age ix-quircs a good functioning Jmne 
marrow. In .sonic of tJie very old patients llie cellular activity of tJie marrow 
was not only normal, but definitely increased. 

It is also of interest to note that most of tlie old patients had an increased 
white count. In some cases this was due to some concomitant pathologic process, 
but the response was usually one of increase rather tJian decrease of white cells. 

This observation coincides with our findings in animals. In this work we 
found that rats wliicli lived longest had noimal higher white counts than those 
with shorter life span. 

It is possible that tlie same pertains to human beings and that one of the 
reasons that some peisons live longer than othei's is that they are endowed with 
a better bone marrow. 



CLINICAL CHEMISTRY 


ALLOXAN DIABETES IN DOGS" 


R. Carrasgo-Pormiguera, MD., Puerla, Mexico 


S HORTLY after Bailey and Bailey^ reported their production of diabetes in 
rabbits by alloxan, I undeilook a number of experiments intended to 
elucidate 'svhether the same was also possible in dogs. When the results that arc 
now being published had already been found, Dr. C. C. Bailey, in a private 
letter, kindly made me aware of the fact that alloxan diabetes in dogs liad al- 
ready been reported by Brunsehwig et ah- This knowledge gave me the im- 
pression that since alloxan diabetes in dogs is already a published fact, my re- 
sults were devoid of any special interest and did not deserve publication until 
they were followed by many others, as a result of further experimental work 
on the same subject. However, a recent reconsideration of the facts that I had 
found a few months ago makes me feel now that, aside from the scientifically 
irrelevant detail of priority in the publication of the mere fact of allo-xan 
diabetes in the dog, there is nothing, either in Brunsehwig, iVllen, Goldner, and 
Gomori’s first report,- or in the more I’eeent paper by Brunsehwig, Allen, Owens 
and Thornton,^ to deprive my results of whatever interest they might have in 
themselves, and since I think that, in fact, they may be found of some interest, 
I made up my mind to submit them for publication. 

jMETHODS 

Alloxan was injected, as will be specified, into five dogs. Except in one ot 
them that died in less than half an hour, blood sugar was determined before 
the injection, and two or more times afterwards, within the next twenty-four 
hours. The animals were continuously watched for five to nine hours after the 
injection. Three of the dogs lived for several days, and one of them is still alive, 
five months after the injection. Unless otherwise stated, the dogs were fed, once 
a day’-, an unseleeted, mixed, and copious diet (restaurant waste) ; several fast- 
ing blood sugar determinations Avere made on different days ; urine rvas collecteu, 
sometimes in 24-liour periods, and, at other times, trvo portions were separates 
in the 21 hours, one a few hours after feeding and another one that might e 
taken as fasting urine. Several urine examinations were made for dextiose 
and ketonic bodies. From two of the dogs, pancreatic biopsies were taken, rvlieii 
alloxan diabetes had been produced in them. Prom the other three, paiiciea iiJ 
specimens rvere taken post mortem. The histologic studies that have been per 
formed by Dr. Y. Suarez-Soto of this university Avill be published elsewheie aa 

♦From the Laboratory of Physiology, University of Puebla. 

Received for publication, XIarcli 2-1, 19-14. „ Y » ct 

Alloxan was kindly -supplied by Dr, P. Lehman of tire "Laboraterios Hermona 
M&xico City. 
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will be given only tlio slightest eonsideraiioii Iiere. Dextrose foJe^€^]U'c tests were 
pcrfornieil on two ol‘ tlie diahetie animals: for etmiparison, a similar tost was 
performed on one of tJic (Jogs of (his series hefore the aiioxan injection was 
administered, and also a dextrose tolerance test was performed on a sixtii intact 
dog, as a normal control. 

Blood sugar determinations were made 1>>- a sliglit personal modificatioiD 
of the well-known Ilagedorn-Jenseii method, rrinary sugar was tested with 
the Benedict qualitative reactive j and ketone bodies by tlie Legal reaction; re- 
sult.s for both, when positive, are given by means of plus signs from one to 
four. To avoid repetition, it will be staled only here in tlie article, that blood 
sugar figures are given in milligrams of dextrose per 100 c.c. of whole venous 
blood. In Tables III, IV, and VI, *‘fnstin" blood sv<:ar” means, not only fast- 
ing, but before any injection is given. In Tablets I and II. “before” means just 
before (within three minutes) tlie beginning of tlic injection of alloxan or the 
beginning of the milk with dextrose drinking by the animal, respectively. In 
Tables I and VII, tlie time dgure-s, except wJien otherwise stated, mean moments 
at the end of the stated time lapses, after tlie injection of alloxan, counted from 
the end of the last injection. In Tabic II, the time figures mean moments of 
blood sampling, at the end of tlie staled time lapses, counted from tlie moment 
the animal finished drinking the milk with dextrose. 

RESULTS 

For the sake of saving space, together with clarity, the re.suUs are given only 
in tabulated form. 

• Table I 

Earlt Errsers of Alloxan Uro.v Blooi> SuG.\n. Tjie J.vjectio.vs to Boo 5 Webb Given 
Duwnq the Followino I.\t£rvai.s; Foor Days Between Fjr.st and Second Sub- 
cutaneous; Three Days Between the Second Subcvtaneou.? .\nd Intravenous. 

When Given the Alloxan Injections, All Docs, Excect Dog 3 (See Table 
V), Had Been Fasted for Not Less Than 20 Hours and Were Kept 
Fasting Until After the L.\st Blood Sample, on the Same Day of 
THE Injection, Was Taken, When They Were Fed 


DOG number: 

1 

■» 

3 

5 

5 

o 

Milligrams of alloxan in* 



300 


75 

200 

jected per kilogram: 








intra- 

mtra- 

mtra- 

subcu- 

subcu- 

mtra- 


venous 

Venous 

venoua 

taneous 

taneous 

venous 

Before; 

ao» 

105- 

93 

110 

103 

121 

15 minutes ' 

102 ' 






30 minutes 



90 




2 hours 1 

140 






2^^ hours 


lOG 1 





hours 

124 






4 hours 



220 

S3 



houJs 





105 


S hours 




81 



8Vj hours 






70 

9 hours 


87 





24 hours 

343 

125 




1 281 


COilMEXT 

IVic Production of Diabetes in Dogs bij Alloxan Has Been Confirmed . — Not 
only glj’cosuria and hyperglycemia in Dogs 1, 2, and 5, but also polydipsia and 
polyuria in Dogs 1 and 5 and severe weight lo^ in Dog 1 can leave no doubt 
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about this point. Further evidence is afforded by the dextrose tolorain'c tesls 
(Table II), that of Dog 1 corresponding to a rather severe diabetes and the 
first test of Dog 2 corresponding to a very mild one. 

Citrability of Alloxan Diabetes . — Dog 2, after exhiliiting mild giyeosiiria 
and hyperglycemia for a few days, as a result of an injection of alloxan, and 
giving a mild diabetic dextrose tolerance test, not only had, shortly afterwards, a 
permanently sugar-free urine, but, 42 days after the alloxan injection, gave a 
perfectly normal dextrose tolerance test. This animal, therefore, as a result of 

Table II 

Blood Dextrose Tolerance Tests, Both on Alloxan-Injected Dogs and ox Normal Co.s'- 
trols; 1.5 Gir. Dextrose Per Kilogram Dissolved in 15 o.c. Milk Per Kilogram Were 
Orally Administered to the Fasting Aniaials. Blood Sugar Was Determined 
Before the Animals Drank the Milk With Dextrose and Afterw.\.rds, at 
the End op the Specified Lapses of Time 


DOG number: 

1 

2 

2 

3 

0 

Condition of the 
dog: 

Injected 

Injected 

Injected 

Normal con- 
trol, to be 
injected, 
later 

Normal con- 
trol 

Milligrams of 
alloxan intrave- 
nously injected, 
per kilogram: 

Time after injec- 
tion of alloxan; 

Before : 

100 

8 days 

492 

100 

5 days 

103 

100 

42 days 

88 

99 

90 

30 minutes 

550 

220 

135 

122 

149 

1 hour 

005 

220 

134 

14S 

148 

2 hours 

575 

110 

89 

148 


3 hours 

480 

105 

87 

93 

82 


Table III 

Main Course op Events op Experiments With Dog 1 


date 

(1913) 


9/2 


4 

5 

6 
S 
9 

10 

14 

15 
20 
22 

23 

24 


weight, 

KG. 

(fasting) 


13.0 


13.7 

12.5 

13.5 


13.2 


Il.T 

11.2 

10.7 


PASTING 

BLOOD 

SUGAR 


102 

343 

341 

215 

350 

492 


.IdS 


glycosuria 


FASTING 


no 

- 4 - 1 - + 

-r-i--!--! 


AFTER 

food 


no 

+ + - I--1 

+ + + + 

+ + + -l 

+ + + 


ketosis 


no 

no 

-e-i 

-r-r-i 

+ 


remarks 


Intravenous injection of allo.vi , 
100 mg. per kilogram ni time 
portion.s; 15 minute interrat-. 

Normal-looking; very imirKuJ 
polydipsia and polyurm. 

Rather depressed at momea s. 

Whole-day fast. 

Normal-looking. 

Very marked lipemia. De.v(w.'> 

tolerance test. 

Vomits. 

Quite norniul-looking. 

Whole-day fast. , , i 

Laparotomy, under nembeU'. 

[ Pancreatic biopsy. .y 

lExtremely depressed. vr ^ 

' and urinates very ,„jia 

to now polydipsia and pob“' 
had been very marked. 

[Dies. 
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alloxan action, dcvelopcU a very mild but unmistakable diabetes, and tliis was 
subsequently cured. I think tliat this fact is one of great interest. 

Varying Degrees of Severitg of the Diabetes Prochtced hj AJJoxan.—The 
diabetes of Dog 2 iras, as u’c have seen, extremely mild; that of Dog 1 was of a 
rather severe character; it cannot be said that it was extremely severe, since no 
insulin was given and no food restriction was instituted, but there is no doubt 
that it was severe, as made evident by the dextrose tolerance test (Table II), 
as well as by the severity of the symptoms (Table III), including ketosis and 
marked lipcmia. Tlie diabetes of Dog 5 (Table VI 1 was a little less severe 
tlian that of Dog 1, but much more so than that of Doer 2. It is not possible to 


T.mjle IV 

M-UN Course op Events op Experimext With i>od 2 


n\TB 

(1043) 

WEIGHT, 

KG. 

(pasting) 

pastj.vg 

BLOOD 

SUGAR 

1 GLYtOSPRIA 

KETO.SIS 

REilARKS 

FASTING 

AFTER 

FOOD 

9/4 

6.5 

lOo 1 

no 1 

no 

DO 

Allo.xan injected, 100 nig. pot 







kilogram intravenouslv; two 


1 





portion.'*, 5 minute intcr\al. 

5 

1 

125 1 

no 

•h 

no 


G 

0.3 1 

130 

no 

+ + 

no 


S 

0.5 

120 

no 

no 

no 


9 


103 

uo 

nu 

no 

Dexlrosc tolerance test. 

13 



no 

+ 

no 





no 

no 

1 no 

From tins day on, instead of 







former mixed unmeasured 






1 

food, beef lung, 400 Gra. 







daily. 

20 

7.0 



no 

no 


lU/D 

7.5 


no 

no 

no 


16 

7.2 

ss 

no 

no 

no 

Second de.vtioso tolerance test 


T^vbec V 

Main Course op Events op Experiment With Dog 3. The Old Age op the Animal Should 
Be Taken Into Account When Judging the Dextrose Tolerantb Test (Sec Table II) 


y/S/-i3 

llr'IS A.M,; 


11:58 A.M.: 
12:13 P.M.: 
12:15 p.M.: 
•1:00 P.jf.; 
1:15 V.M.: 

3.00 P.ir.: 


0:00 r.M.: 

Erom 6:15 p.m. < 

T:-45 r.M.; 

0:30 P.M.: 


Some time iluiiug 
the nmht; 


Xavt blood sample of dcsiro.'-e folej.-iBCu tot. Immediately 
afterwards, iujcctioa of lirst of three portions of a 
total doso of 300 mg. per kilogram of alloxan intraso- 
Jiously. 

Dijection of second portion. 

Injection of third portion. 

Very depressed. While able to walk, prcfer.s to He down. 

Pare'^is of the extremities, «pecially the anterior. The 
animal is thought to be liypoglycemic. 

Sciuieomatosc, emesis; a little later 5 Gni. dextrose aic 
given per os. (The result of the blood sugar de- 
termination was not knoun until next morning.) 

Ten granj.<i dextrose intiavcnously; the condition of the 
animal iniproies considerably. 

Dunks water several times ami eacli time tomits; falls 
again into a seinicoiiiatosc condition. 

Ten grams dextrose mti!V.enous-ly; great inijnovcment. 

Still in a comparatively fair condition. Ten grams de.\tro.»e 
subcutancouxlj*, to prevent chancea of furtlier dciclop- 
ment of hypoglycemia. 

Dies. 
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'mLE VI 


Main Course of Events op Experiment With Dog 5 


DATE 

(1943) ' 

WEIGHTj 

PASTING 




KG. 

BLOOD 

GLYCOSURIA 

KETOSIS 

REMARKS 

(fasting) 

SUGAR 




9/11 

U.8 

110 

no 

no 

Subcutaneous injection of alloxan; 






75 mg. per kilogram. 

13 



+ 

no 


ll 



no 

no 


15 



no 

1 

no 

Second subcutaneous injection of 
alloxan; 75 mg. per kilogram. 

16, 17 



no 

no 

IS 


121 

no 

no 

A subcutaneous induration in tlie 






site of the last injection is 
noticed. No tenderness. No 


1 

1 



signs of pain or discomfort. In- 
travenous injection of alloxan; 
200 mg. per kilogram, in two 






portions; 20 minute interval. 

19 


308 

+++ 

no 

Polydipsia and polyuria. 

20 

14.5 

281 

■f + + 

1 + 

The induration has softened; 






seems to be an abscess and to 
contain gas. Still no tender- 






ness. 

21 

1 

1 




Animal seems to be very ill; cats 
very little. 

Liquid stools. Abscess breaks. 

22 



+ + + 

+ 


1 




Animal dies. 


Table VII 


Early Beactions Other Than Blood Sugar Changes Elicited in Sojie Dogs by the 
Intravenous Injection op Alloxan 


DOG number: 

1 

3 

4 

Milligrams of al- 
loxan intraven- 
ously injected 
per kilogram: 

100 

300 

30'0 

Number of por- 
tions in which 
total dose was 
distributed: 

3 

3 

1 

Time intervals be- 
tween injec- 1 

tions: 

15 minutes 

15 minutes 

.1 


Time of appear- 
ance and de- 
scription of re- 
actions : 

10 minutes after second 

1 and 5 minutes before 
tliird injection; eme- 
sis. From 30 minutes 
until 21/A hours after 
the last injection, the 
animal is slightly de- 
pressed, lying down 
most of this time, al- 
though being able to 
walk. From the end 
of 2% hours after 
completion of the in- 
jection, the animal 
looks and behaves 
quite normal. 

3% hours after completion of 
injection the animal is de- 
pressed and lying down, al- 
though able to walk. 4 hours 
id. id., paresis of extremities, 
especially anterior, and 
seems to bo hypoglycemic, 
although blood sugar is 220. 
Five hours id. id., lying down, 
semicomatose. 5^A hours id. 

I id., emesis; condition im- 

1 proved by dextrose adminis- 
tration. 61/0 hours id. id., re- 
peated emesis after drinking 
water; becomes worse and 
again improves after dex- 
trose. Oyi, hours id. id.; 
fairly good condition. Some 
time later, dies. 

Immediately all 
er the injec- 
tion: emesis; 
extremely de- 
pressed. Die-'* 
25 minutes 
after comple- 
tion of injec- 
tion. 
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^ whether the observed degree of severity of the disease in Dogs 1 and 5 
odd have remained more or less unchanged had tJie animals remained alive 
This IS an ex remely important point that remains to he elucidated by further 

sonably stable degree, I think that the possibility of producing diabetes in a wide 
range of varying degrees of severity may prove a fact of great iraporfaneo. 

The Earl, J mood iSugar Changes ElicUd hg AUomn in the Doi/.-The fact 
hat 1.1 three of five alloxan-injected dogs that hved long enough to become 
d abetic there was no need to give them any special protection against hvpo- 
glycemia in order to keep them alive is in sharp contrast with the death in 
hypoglyeemia of nearly all the rabbits in Dunn and Ins co-workers’ experiments'' 
and with the strenuous fight against hypoglycemia that Bailev and Bailev had 
to carrj' on in order to keep their rabbits alive. The figures in Table I show that, 
a hough in dop after alloxan there is, in general, a certain fall of the blood 
sugar level, this fall appears much later and is miieli less marked tlian in 
rabbits. None of tlie figures found in any of the dogs in this series may be called 
ipogjeemie. So far as tlic initial Jij’perglyeemia is concerned, a typical and 
constant feature of the rabbit reaction to alloxan, only in J)ogs 1 and 3 did I find 
a comparatively early ‘rise of the blood sugar level. It is true that my blood 
sugar determinations were not frequent enough to make it certain that there 
|\ero no other iiigh figures. In any event there can be no doubt that, in the dog, 
iiypcrglyccmia, produced by alloxan, when it exists, begins later 
ait in the rabbit and, on tlie other hand, lasts longer, and there is, at least, 
some reason to believe that the initial alloxan hyperglycemia in the dog. ns u 
rule, is much less marked than in the rabbit. 

Reactions Other Than Blood Sttgar Clutnges . — Except for the very early 
oath of some of Dunn and his eo-ivorkers' animals, = from ail that has been 
Pn ished about rabbits it might be gathered that the reactions described by 
oth Bunn and his eo-workere^ and Bailey and Bailey^ are merely those a-sso- 
ciated with hypoglycemia. Brunschwig and his eo-workers®' ^ do not mention 
jUiy reactions in their dogs, except early death, but in human subjects on whicii 
ley have used alloxan at very high doses, reactions sucii a.s nausea, eme.si.s, 

0 nling, and ieterus are mentioned. In three out of five dogs of the present 
senes, reactions other than those generally associated with blood sugar changes 
were observed (Table VII). In Dog 1, emesis was elicited by only 66 mg. 
iiUoxan per kilogram, and after the 100 mg. per kilogram dose was completed, 
here was a short period of slight depression, tlic whole tiling being in eontra-st 
with the total absence of any visible reaction in Dog 5 (Table VI) after a dose 
of 200 mg, per kilogram. Dog 3 showed a very severe icaction following a 
dose of 300 mg. per kilogram. Of special interest is the fact that, at a moment 
when the blood sugar was 220, I mistook the condition of the animal for typical 
^hypoglycemia, and my erroneous conviction wa.s reinforced by the fact that 
tlextrosc administration repeatedly impixived the condition of the animal. 
Althougli no further blood sugar determinations were made and the animal 
died during the niglit, while not being xvatched, I am convinced tliat this 
dog's death was not due to hypoglycemia, as certainly was not that of Dog 4. 



5 ] 6 


THE JOURNAL OP LiVBORATORY AND CLINICAL MEDICINE 


Wide Variation of Individual Reactiveness to Alloxan. — Tlic same dose of 
100 mg. per kilogram produced a severe diabetes in Dog 1 and a very mild and 
curable one in Dog 2. This is in agreement with facts described in rabbits by 
previous observers. Brunschwig, et al.^ state that 200 mg. per kilogram are 
invariably fatal to dogs, but Dog 5 of the present series (Table VI) stood that 
dose without the slightest untoward reaction and developed a moderately severe 
diabetes ; although it died within a few daj^s, its death cannot be ascribed to a 
toxic action of alloxan. 

Pancreatic Changes. — These will be extensively studied somewhere else. 
Suffice it to say here that, in a general way, our findings are in agreement with 
those of previous observers, and that in the pancreas specimen taken by biopsy 
from Dog 2, ■when it was unquestionably diabetic although in a very mild de- 
gree, no islet or other’ lesions were found. This shows that a noxious agent 
can elicit a diabetic functional disturbance of the endocrine pancreas even 
when no associated anatomic lesion may be detected, a point of interest in con- 
nection with problems of human diabetes, and in agreement with some observa- 
tions of Brunschwig, et al.^ on human subjects. 

Theoretical Considerations. — ^When commenting about their discovery of 
the alloxan necrosis of tlie islands of Langerhans, Dunn, Sheehan, and Mc- 
Letchie^ made some very interesting suggestions. One of them was that the 
islet necrosis might be caused by unbearable strain from overstimulation; the' 
primary action of alloxan would be to overstimulate the islets to produce insulin, 
and what in their experiments w’as the final hypoglycemia might be taken for 
evidence of that overstimulation. This hypothesis is hard to conciliate with 
the fact that, as a result of alloxan, dogs may, as 1 and 5 of this series, develop 
destructive lesions of their pancreatic islets and a severe diabetes witlioiit 
having, at any moment, shown either blood sugar figures or external signs ot 
hypoglj^cemia. It seems more probable that the noxious action of alloxan upon 
the cells of the islands of Langerhans should be of a more direct and, so to say, 
brutal character. 

SUMMARY 


1. The production of pancreatic diabetes in dogs by alloxan is confirmed. 

2. Alloxan can produce diabetes of varying degrees of severity. 

3. The diabetes produced by alloxan, when of a very mild degree of severity, 
may be spontaneously curable. 

4. The initial blood sugar changes brought about in the dog by diabetogenic 
doses of alloxan are slower in their appearance and smaller in magnitude tlian 
those in the rabbit; the initial hyperglycemia begins later; when detected, lasts 
longer; and the figures found in the pi’esent experiments have been, with one 
exception, much lower. The subsequent fall begins much later and, in the 
present experiments, has never been found to reach liypoglj^eemie levels, 

of the three dogs that became diabetic required any antihypoglycemic treatmen 


in order to be kept alive. 

5. In all the three dogs that sm-vived the injection of alloxan for more than 
one day, diabetes, with hyperglycemia and glycosuria, was established twenl}- 
four hours after the injection. 
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6. Toxic reactions, other than those related to biood sugar cliangcs, sucli 
as cincsis, depression, i)are.sis, and torpor, have been oliserved in some cases. 
Two dogs injected witli 300 mg. per kilogram died in a very short period of 
time. Ill one of these, a condition that could be mistaken for hypoglycemia 
existed at a moment when actually there was hyperglycemia. 

7. There is a wide range of variation as to the individual reactiveness of 
dogs both to the toxic and to the diabetogenic action of alloxan. 

8. Tlie liypothesis that the primary action of diabetogenic doses of alloxan 
on tlie islands of Langerhans might be one of overstimulation, resulting in 
temporal liypoglyeemia from lo^persecretion of iii'^uliii, is hard to conciliate 
with some of the presented facts. 
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LABORATORY METHODS 


GENERAL 


LABOEATORY AIDS IN THE DIAGNOSIS OP MALARIA^ 


Capt. Eric Denhoff,- M. C., A. U. S., and Bernard C. Piper, Tech. 4th Grade, 
Medical Department, U. S. Army 


M alaria is a disease of prime importance in the tropics and may soon at- 
tain this distinction in regions in the United States where it was rare be- 
fore the war. In this paper we wish to describe the methods which have been 
used with success in making the laboratory diagnosis of malaria in an array 
hospital operating in the South and Southwest Pacific theatre of war. Tiie 
first year of practicing jungle medicine was a trial and error period for those 
of us not previously expert in the laboratory diagnosis of tropical diseases. 
Now that this adjustment is over, we feel that we are having good results in 
finding malarial parasites in soldiers suspected of having the disease. This -has 
been accomplished, in some instances, by the use of standard techniques in 
staining blood smears,, but as a rule, we have had to alter textbook procedures 
to meet jungle conditions. We have learned the techniques used by Neiv Zea- 
land and Australian medical officers, and we have developed certain modifica- 
tions of our own. It is hoped that the recording of these may contribute some- 
thing to the new history of malaria that is now being written throughout the 
world. 


CONSIDERATIONS IN THE LABORATORY DIAGNOSIS 

The finding of parasites, pigmented leucocytes, and a high percentage of 
monocytes in the blood smear are the outstanding considerations in making a 
laboratory diagnosis of malaria. However, a positive diagnosis of malaria 
should not be made unless parasites are found in the blood smear. It is diffi- 
cult to find parasites in soldiers who are receiving suppressive antinialarial 
therapy, even when they have typical symptoms of malaria. Atabrine has so 
altered the picture that in less than 40 per cent will parasites be found in the 
initial smear, and, in these, many parasites will be atypical in appearance. In 
troops operating in malarial districts it is essential to collect both thick an 
thin smears from every febrile patient. Ideally, blood films should be coHectec^ 
before any antinialarial therapy is started, but of course in soldiers who aie 
receiving suppressive therapy, this is impossible. If smears are repeated a 
intervals from four to eight hours, we have almost invariably found parasites 
before the sixth smear was taken. This is usually in the thick smear. It mo) 

•Fi'om the Laboratorj' — Medical Service of the Evacuation Hospital. 
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(ake several hours of scareliing to fiiul even one parasite in the thin portion of 
tlic same slide. 

It is tile i)raetiee of this Jiospital to ha\e Ihiek-ihiii blood smears taken on 
patients suspected of liaving clinical malaria upon admission to the hospital. 
Treatment may be started even before the smear is examined if tlie patient is 
quite ill. It is our impression that the number of parasites is not noticeably 
diminished during the first twent3'-four hours by the low dosage atabrine ther- 
ap3' previously in use. Hou’cver, in those ivJjo receive quinine or in those receiv- 
ing massive doses of atabrine it may be impos-sifile to find ain* parasites in the 
blood after twelve hours of therapy. 


PREPARATION OP A *‘tIIICIv*T11IN ” SMEAR 

After some months of making smears too thick or too thin, we have de- 
veloped a leehiiique which works very well. A hca\y mark is draMii, with a wax 
crayon, across a glass slide about three-fourths of an inch from one end. A 
finger is cleansed, dried, and pricked with a lancet A drop of blood, about 
the size of a small pea, is placed in the smaller area of the slide. Utilizing the 
ball of the bleeding finger as a spreader, the drop is spread to the size of a five- 
cent piece and thin enough to sec the hands of a watcli through tJie film. A 
very thin film is spread at the opposite end of the slide. With the thick portion 
up, tlie slide is placed in a soinivcrtieal position to dry and the exccs.s blood 
from tlie thick smear is allowed to drain to the crayon mark. The slide is air- 
dried in this position and under a screen if files are about. In damp weather 
it is necessary to dry the slides in a dry hot air chamber, easily made from a tin 
can. 

TECHNIQUE OF STAINING A “ THICK-THIN ’ ' SMEAR 


When a large number of blood examinations for malaria are performed 
daily it becomas necessary to develop a rapid technique for staining films. For 
ordinary diagnostic purposes we have adopted a rapid method of staining 
malarial parasites in thick smears as described bj' Field. The thick smear is 
readj’ for staining as soon as it appears dry (Fig, 1 ). The film is dipped for 
one second in Solution A. It is immediately dipped in clean water for a few 
seconds or until the stain ceases to flow from the slide. It is then dipped in 
Solution B for one second. Tlie stain is fluslied off and then rinsed gently in 
clean water. It is dried in a vertical position. There maj’ be slight variation 
in timing with different batches of stain. The smear should be stained immedi- 
ately after drying for the best results. 


•Field’s Stain, modified. 

Solution A- 1 Dissolve 12.1 Gm. of metfiylene blue chloride and 1 Cm. of sodJunj phos- 
phate dibasic, Merck, in 50 c.c. of AistiUed water. 

2. Bring- to a boil. Then evaporate to drjncss. (This is tlie most important 
step in preparing a good stain.) 

3 Add 15,25 Gni. of potassium phosphate monobasic. Merck, dissolved in SOO 
c.c. of distiUed water. Mix well and let stand for a few days. Filter 
before use. 

Solution B: 1. Dissolve 5 Gm. of sodium phosphate dibasic. Merck and (i.25 Gm. of 
potassium phosphate, Merck, In 500 c.c. of distilled water. Add Eosm V. 


• ■ ■ it becomes greenish We have modified 

Icld by omitting Azure B from mixture 1 
this dye. We have compared our stain 
arepared for the Royal Australian medical 
. Aboratories of Australia. Wc are con- 

vinc*ed that our’ stain compares favorably with the original In everj- re- 
spect. 
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k *i'“ t the tJlin smear 

low ready for staiiimg-. We have found that a comhination of lVright’s= 

red ““"'inins parasites and 

ed blood cells, hoiirteci, to slxteeen drop.s of Wright’s stain are floated in 
the ceiitoi of die thin flhn. This is allowed to .stand tor one-half to one minute 
to fi-v the stain. Then it is diluted with twenty -four to twenty-sLv drops of 
buffer solution^* or distilled water. The mixture is allowed to stand for from ein-ht 
to twelve minutes. The slide is washed well with water. The smear is then 
decolorized with 95 per cent ethyl alcohol until it is a pale pink color. Freshly 
filtered stock Giemsa stain is diluted with fifteen parts of the phosphate buffer 
or distilled water and placed in a Petri disli. The thin portion of the smear is 
now placed face down in contact with the stain in the Petri dish for twenty 
to thirty minutes. It is then washed and dried. 

Frequently it is difficult to get a perfect result with Wright’s stain. Be- 
cause of variation in batches of dye or because the technician may overstain 
the smear, the red blood cells appear too blue, making it difficult to find small 
tiophozoites. The teeiinique described helps correct this fault. 


E.Y.VMINATIOX OP THE “THICK-TIIIX ’’ SMEAR 

The appearance of the malarial parasites in the tliick smear is very dif- 
ferent fi’om that in a thin smear. Whereas in the thin smear, tiie parasite with 
ffs typical red staining chromatin dot and blue cytoplasm is found in the in- 
fected red blood coll, in tlie thick smear the red blood colls ore destroyed leaving 
the parasites free and concentrated. Under oil immersion and using the 5x 
ocular, the tliick smear is examined at tJic junction of tlie circumscribed portion 
and the fiiigerlikc projection whore the blood has drained toward the center of 
the slide. Tliis portion is clearly seen when the slide is placed on a white back- 
ground. It appears as a thin wavy brown-red line. Tliis is not only the area 
of maximum dehemoglobinization, but it is at this point tliat tlie parasites tend 
to cling when the blood is dried witJi the .slide in a semivertical position. The 
ox ocular is used initially because it is easier to look for parasites or pigmented 
leucocytes in a smaller field. In a smear which contains parasites and whicii 
is stained by Field’s method, the cliromatiii dots stain a bright red to a crimson 
ond can be seen easily. Tliesc dots arc then examined with the lOx ocular. In 
many instances tlic blue cytoplasm is found coexistent with the chromatin dots, 
confirming the impression that plasniodial parasites are present in the smear. 
In the thick smear parasites appear smaller and more slirunken than in a thin 
film. 


Plasmodixim vivax is characterized by a single red chromatin dot associ- 
ated with blue cytoplasm. Tliis has a tendency to assume many variations in 
fomi dependent on the stage of the parasite. Whereas in the young trophozoite 
the cystoplasm may appear as an “interrupted ring,” in older trophozoites 
there is a decided tendency for the cytoplasm to disperse and arrange itself in 
clusters. In the presegmenting and scgnicutiiig sehizonts llie cyloiilasm is more 


, This buffer is prepared by dissolvJnff sodium phosphate dibasic, Merck, 9.47 Gin., and 
phosphate monobasic, 9.0S Gm., In distilled water, niakiae: each solution up to liMX) 
. .The proportions of acid and alkaline phosphates may be adjusteil to any pll. Usually 
on 1 smears a pH of 7.0 Is desired. This Is made by mixing M/15 Naj HPOi IJI.I c.c. 

fyyM/ls ICHjPO* 38.9 c.c. In the tropics we have had more success using pH of 0.4. This 
>3 made by mixing M/15 Naa HPO« 71.3 c.c. and M/lo KH* POi 28.7 c.c. 
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compact and the chromatin divides into several irregular masses associated with 
cytoplasm. The schizonts are large and have yelloiv-brown pigment dispersed 
through the cytoplasm. Frequently this pigment is found free on the back- 
ground of the thick film. Merozoites number from eight to eighteen. The 
microgamete is large with undivided red chromatin surrounded by a small 
amount of light-staining cytoplasms. This contains scattered red-brown gran- 
ules and yellow pigment. Macrogametes cannot be distinguished from inature 
trophozoites. 

The Plasmodium falciparum consists of a single or double red chromatin 
dot associated with a wisp of blue cytoplasm which resembles a comma or an 
exclamation point. Frequently scattered throughout a smear containing fal- 
ciparium organisms are single red dots without any pigment or cytoplasm. In 
our experience the presence of these suggests that typical parasites will be 
found. The gametocyte of Plasmodium falciparum is the typical sausage- or 
crescent-shaped parasite which stains light blue and has a central golden-yellow 
mass of pigment. It is difficult to distinguish the sex in a thick smear. The 
young trophozoite and the gametocyte are usually the only forms of Plasmodium 
falciparum found in the blood. However, in very severe subtertian malaria, 
larger trophozoites and even schizonts may be present. 

Plasmodium malariae is ehax’acterized by a chromatin dot which is larger 
than that found in the other plasmodia, a relatively small amount of dark blue 
cytoplasm which tends to form bands, and a large amount of coai’se brown pig- 
ment w'hich remains compact. The gametocytes resemble vivax but arc smaller 
and heavily pigmented. Plasmodium malariae has been uncommon in our stud- 


ies. 

Difficulties arise ivhen infections are light, as they frequently are in soldici'S 
taking suppressive antimalarial therapy. Under these conditions parasites may 
appear degenerate and stain poorly.” The chromatin dot may stain darkly oi 
the cytoplasm may be a very light or unevenly stained blue. They may be easil} 
confused ufith blood platelets or reticular debris. However, in our e.xperience, 


one can usually find at least two typical parasites in the smear. 

In the thick smear the polymorphonuclear leucocytes stain violct-bhie, with 
fine broivnish granules. If pigment is present, it is usually gathered at one 
end of the cell and is yellow-brown in appearance. Monocytes stain deep b “ 
and basophiles are recognized by predominating dark blue-black granules. ' 
gi-anules of eosinophiles stain a flat broivn-red which are darker and larger tlnm 
chromatin dots. Field” in his original article gives an excellent description 
the appearance of the malarial parasites in the thick smear, and in addition 
presents some photographs of typical and atyiiical forms of plasmodia. 

Early ring forms of Plasmodium vivax are difficult to distinguish fiom 
the trophozoites of Plasmodium falciparmn. This is especially true m nii.'^^^^ 
infections. The differentiation in diagnosis is assisted by the fact 
young trophozoites of Plasmodium vivax are nearly alwaj's a.ssoeiated with o ( i 
forms of the parasite. Plasmodium falciparum, on the other hand, are moic 
sisteiit in size and shape. A smear repeated in twelve hours may ^ 

diagnosis by presenting definite schizonts of Plasmodium vivax. 
rule, a thin smear is necessary to determine the type of plasmodium. Dm 
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smear sliould be preiJared thin enough to coiniwiv ihc individual rod I)Jood coils 
witli eaeli other and in sucli a manner dial (hen* is a well-dofiiicd edge parallel 
to and about ono-oightli oi' an inch from (he cdirc of the slide. Lar-io parasitic 
forms, like polymorphoniicloars, lend to cling lo tiie ctlgo. Then one can usu- 
ally dilFerentiate the fine delicate ring of tlic falcijiannii iTom that of the coai*ser 
vivax -which is found in enlarged red blood cells. 

OTHER L.\B0HAT0RY AIDS 

It is our experience that the total leucocyte count in malaria is between 
5,000 and 10,000 cells. Before a chill the leucocyte count tends to be lowest, 
while during' the chill or sliortl}’- thereafter there is an increase in the number 
of cells, particularly inonoej’tes. Twenty per cent of tlie cells may contain 
malarial pigment. The presence of pigmented monocytes and polymorphonu- 
clear leucocytes are almost as diagnostic of malaria as the parasites themselves.’ 

Anemia is a- characteristic feature of malaria In recurrent cases, particu- 
larl}', it is not infrequent to obtain a fall of from one to two million red blood 
cells and a 25 per cent drop in hemoglobin. In severe cases of malignant ter- 
tian malaria, a hemoljTic anemia may be encountered witli a high icterus index 
and increased urobilinogen in tlie urine or fece.s. All jiatients with cerebral ma- 
laria should be blood-typed upon admission, and a blood transfusion should be 
given at the fir.st indication of rapid blood destruction. 

When largo amounts of atabriiie are present in the urine, a bright yellow 
color results. However, a better method to determine if alabrine is present in 
the urine is to concentrate the atabrinc by extraction with amyl alcohol by the 
method described liy Wats and Ghosh.® It has been modified to facilitate in- 
terpretation, and as a matter of economy. Ten cubic centimeters of urine are 
alkalinized by adding 1 c.e. of saturated potassium or sodium carbonate. One 
cubic centimeter of amyl alcohol is added to the solution and shaken well. It is 
permitted to stand until the alcoiiol layer separates. If atabrinc is present, a 
yellow-green fluorescence can be seen in the alcoholic layer if examined in the 
sunlight. Ether may be substituted for amyl alcohol, but the yellow color is 
less intense. This test is of value in determining w'hether the patient has been 
taking suppressive antimalarial therapy prior to treatment, or, in tliose patients 
who have never taken atabrine prior to treatment, whether absorption and ex- 
cretion is taking place. Similarly the urine can be tested for quinine.® 

CONCLUSION 

Tlie laboratory diagnosis of malaria is not difficult. It is a question of 
good staining technique and examining the blood for parasites at the proper 
time. The rapid staining technique of thick smears as devised by Field is, in 
our opinion, ideal for rapid diagnosis and when a largo number of smeai-s must 
be examined as quickly as possible. Although many authorities feel tiiat blood 
films should be dried in the horizontal position, in our opinion, when Field’s 
stain is used, there is a definite advantage in drying the smear in the semi- 
vertical position. The parasites tend to concentrate in one area ; this diminishes 
orientation time and facilitates examination. As far as we can deteimine, there 
are two disadvantages to Field’s technique. First, if the slide is not washed 
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well, some eosinophilic staining debris clings to the slide. The examiner .souii 
learns to differentiate these artifacts from parasites. Second, the stain facies, 
making it impossible to keep slides for permanent record. It is imperative 
that the thick smear be not too thick and that the smear is examined at the 
point where the parasites tend to concentrate. The standard or Wright-Giemsa 
thick smear staining techniques as described by Wilcox and Logan'® are ex- 
cellent, but are not as convenient as the technique described above. In a Giemsa- 
stained thick smear the chromatin dot is not as vivid, but the cytoplasm is 
more intense. Although it takes more time to stain a thin smear with the 
Wright-Giemsa combination than with a simple Wright’s stain, it is well wortli 
the effort in those instances where it is difficult to find a parasite or identif}' 
the type of plasmodia present. If the slide is stained face down in a Petri 
dish, the debris and sediment will fall off and a clean blood film will result. 


SmiJUKY 

1. The laboratory routine used in the diagnosis of malaria which has been 
performed for over a year by a large army hospital in the South and South- 
west Pacific theatre of war is described. 

2. A rapid technique for staining malarial parasites in thick smeais, whicli 
has received little attention in the literature, is described. Similarly, a staining 
technique in thin smears, which has proved very satisfactory, is described. 

3. In order to diagnose and treat patients with malaria properlj", it is neces- 
sary to have confirmation of clinical diagnosis of malaria. 
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A DEVICE FOR THE PROTECTION OF :\IICROTOME SECTIONS' 


R. Weiss, M.Sc., Jerusalem, Palestine 


B ands of microtome sections are usually tlcposilcd on a sheet of paper as they 
come from the knife, before being mounted on slides. Tiiis practice ex- 
poses tlic sections to tlie risk of being disturbed or scattered by the slightest 
drauglit. For better protection of the sections I recommend the following device 
wliich has been in use in our institute for some time. 

The device consists essentially of a rectangular framework containing the 
sheet of paper on which the bands will be deposited, and of a glass cover sliding 
on the framework. 

A wooden board bearing on its longer sides two ledges, transverse 
section sliown in B of Fig. 1, serves as a support for tlic slieet of paper on which 
the hands will he deposited. A glass cover (3), indicated by dotted line, with a 
handle (J) is fitted so as to slide easily on the ledges There are two shorter 
ledges (5) at both sides of the paper flush with the lower level of the long ledges. 

AI B] 



The series arc deposited from the knife onto the paper in the framework. 
The glass cover is pulled by the handle from left to right, successively covering 
each new band. The framework protects tlie bands from any dust or draught 
which might come from the sides, while tlic glass affords protection from above. 
AVhen we mount the sections we pull the glass cover to the right, .successively 
uncovering them. 

Since with this device we shift the glass instead of lifting it, wc avoid 
eddies which might disturb the bands. 

The size of tlic whole hoard was 27 x 38 cm., to fit a sheet of 14 x 22 cm. 
writing paper. The g]a.ss cover sliould slide on ledges at least 7 mm. liigh. The 
use of ready-made ledges as used for jiicturc franic.s is most advisable. 

•Prom the Department of ZooIoffS'. Hebrew University. Jerusalem. Talestino. 

Received for publication, Nov. 2. 1943. 


A TIME AND TEMPEEATUEE GUIDE POE INSPISSATING CULTUEE 

MEDIA* 


A. Hambleton, M.A., London, Canada 


F oe many types of culture media whicli are prepared by inspissatiou, it is 
desirable to raise the temperature of the inspissator at a rather slow and 
steady rate iu order to get a uuifonn product, free from holes and defects. One 
method to accomplish this is to luake a chart of time and the corresponding 
temperature, and to have a clock which is turned back to the “zero hour’’ at 
the start of each inspissatiou. 



Fig. 1. 

Another method, and one which we prefer, is to make a sim])le “slide rule,” 
by which the temperature at the start of inspissatiou is set opposite the actual 
time of the day, and which indicates from then on the temperature which the 
inspissator should have at any time until tlie batch, is complete. We use tins 
tempei’ature guide iu making Petx’agnani’s medium for cultivating tubercle 
bacilli ; the temperature is raised from 50° to 84° C. during lYo hours, and then 
held for twenty minutes at 84°. 

The illustration shows the rule marked for this purpose. Time is marked 
on the long fixed scale, from 9 a.ji. to 3 p.st, and again from 1 to 7 p-JD The 
smaller moveable part, which can be placed and held at any setting by the slot 
and wing nut bolt, is marked for the temperature, and the space between t ic 
50° and 84° marlvs corresponds to lYo hours. The temperature guide, as uc 
made it, is 50 cm. long and 8 em. wide; obviously any desired size can be usc( 
and may be graduated for any rate of temperature rise. 


'From the Laboratory of Qucc-ii Alexandra Samitoriimi. 
Received for publication. Nov. 11. 1913. 



THE KEACTION OP XENOPUS LAEVIS DAUDIN 
(THE SOUTH AFRICAN CLAWED PROG) 

TO HUilAN PREGNANCY SERmP 


A New Test for Pregnancy. A Preliminary Report 


Samuel S. Rosenpeld, jM.D., and Vilma W. Rositnfeld, R.N , New York, N. Y. 


C LOSE association with Weisniaii influenced us m employing the female 
Xenopus Prog Test for pregnancy. We followed the technique published 
by Weismau, Snyder, and Coates,*’^ using a urine concentrate as described by 
them. 

The results obtained by us with the urine concentrate were very satis- 
factory. However, having observed the action of human pregnancy serum in 
the rat and in the rabbit (Rosenfeld, Lapan, and Baron*), we decided to ex- 
periment on this species of frog with human pregnancy serum. 

MATERIALS AND METHODS 

ilature female frogs, Xenopus laevis, were employed. They had previously 
been tested by us with injections of urine coneentmtes from known pregnant 
and nonpregnant Avomeii, and the reactions were true; i.e., all the pregnant 
urines caused the extrusion of eggs whereas the nonpregnant urines failed to 
do so. 

Serum was obtained in the ordinary manner by drawing blood from a vein 
and centrifuging the same after a short settling period. The serum was now 
ready for injection. This was usually done a day after the blood was obtained, 
but ill several instances because of the lack of frogs the serum was not used 
for periods ranging up to four weeks. 

Our first effort was to ascertain whether human pregnancy serum could 
cause extrusion of frog eggs. Having a store of pooled human pregnancy 
serum, we commenced our experiments with this material. AYe injected the 
first frog with 1 c.c. of pooled pregnancy serum, and after 48 hours, the result 
was negative. AVe repeated this experiment on another frog, this time inject- 
ing 2 e.e. of pooled pregnancy serum followed by another injection of 2 c.c. of 
the same, after 14 hours. The result was positive 8 hours after the last injec- 
tion. AVe then found that single inj'ections of 3 and even 5 c.c. of pooled 
pregnancy serum gave negative reactions, but additional subsequent injections 
of only to 1 c.c. into the same animal yielded positive results. 

AYe continued injecting the pooled pregnancy serum and found that three 
injections of 0.5 c.c. at 3- to 4-hour intervals yielded the best and the quickest 
results. Two injections of 0.5 e.c. at 3- to 4-liour intervals would also yield 
positive results, but the animals extruded many less eggs. Posifive^and satis- 
factory result.s were also obtainable with three injections of 0.25 c.c. No 

^rom the Department of Obstetrics aud the I.-»boratorie3 of the Jewish Alemonal Hospital. 
Rcceivcil for publication, Dec. 0, 1913- 
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THE REACTION OP XENOPUS LAEVIS DAUDIN 
(THE SOUTH AFRICAN CLAWED FROG) 

TO HUilAN PREGNANCY SERUI\H 


A New Test fou Pregnancy. A Puelimi.vary Report 


Samueij S. Rosenpeld, j\I.D., and Vjlma W. Ro-^enfeld, R.N , New York, N. Y. 


C LOSE association with Weismaii iiiiliieiicetl us in employing the female 
Xenopus Prog Test for pregnancy. We followed the technique published 
by Weisman, Snyder, and Coates, using a urine concentrate as described by 
them. 

Tlie results obtained by us with the urine concentrate were very satis- 
factory. However, having observed the action of human pregnancy serum in 
the rat and in the rabbit (Rosenfeld, Lapan, and Baron*), decided to ex- 
periment on this species of frog with human pregnancy serum. 

JIATERLVLS AND METHODS 

hlature female frogs, Xenopus lacvis, were employed. They had previously 
been tested by us with injections of urine concentrates from known pregnant 
and nonpregnaiit ;vomeii, and the reactions were true; i.e., all the pregnant 
urines caused the extrusion of eggs whereas the nonpregnant urines failed to 
do so. 

Serum was obtained in the ordinary manner by drawing blood from a vein 
and centrifuging the same after a short settling period. The serum was now 
ready for injection. This was usually done a day after tlie blood was obtained, 
but in several instances because of the lack of frogs the serum, was not used 
for periods ranging up to four weeks. 

Our first effort was to ascertain whether Imman pregnancy serum could 
cause extrusion of frog eggs. Having a store of pooled human pregnancy 
serum, we commenced our experiments with this material. We injected the 
first frog with 1 c.c. of pooled pregnancy serum, and after 48 hours, the result 
Was negative. We repeated this experiment on another frog, this time inject- 
ing 2 c.c. of pooled pregnancy serum followed by another injection of 2 c.c. of 
the same, after 14 hours. The result was positive 8 hours after the last injec- 
tion. We then found that single injections of 3 and even 5 e.c. of pooled 
pregnancy serum gave negative reactions, but additional subsequent injections 
of only to 1 c.c. into the same animal yielded positive results. 

We continued injecting the pooled pregnancy serum and found that three 
injections of 0.5 c.c. at 3- to 4-hour intervals yielded the best and the quickest 
results. Two injections of 0.5 c.c. at 3- to 4-hour intervals would also yield 
positive results, but the animals extruded many less eggs. Positive and satis- 
factory results were al.so obtainable with three injections of 0.25 c.c. No 

•From the Department of Obs.letncs aud the Laboratories of tlie Jewish iIcmori.il Hospice 
Received for publication, Dec. C, 1913. 
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positive results were obtained with amounts of less than 0.25 c.c., even when 
three injections were made at 3- to 4-hour intervals. 

We then tested individual sera from known cases of pregnancy, usually 
employing three injections of 0.5 c.e. at 4-hour intervals. In a few in.stance.s 
the test was positive after the second injection, and on one occasion after the 
first. In these eases no injections were given after the test was seen to be 
positive. 

Sera were examined from women in the first, second, and third trimesters. 
The tests were all positive. The earliest positive appeared lYo hours after 
injection, but in the main, the time of appearance of the eggs ran parallel to 
that observed when urine concentrates are employed, i.e., in from 6 to 18 hours 



Fiff. 1. — Positive test, actual drawing. Note eggs in the process of extrusion from clo' 

For controls, male sera, definitely proved nonpregnant sera, and 
■women in the menopause were injected. All these sera gave negative ics 

DISCUSSION 

Hogben® showed that extracts of the anterior pituitary lobe 
ternal deposition of eggs in the hypophysectomized mature female - 
laevis (the South African clawed frog). . . jg.,eii<l' 

In 1934 both Shapiro and Zwarenstein''’ and Bellerb 3 "' working m j^ iior- 
eutly suggested the use of the Xenopus frog as a lest for gonadotiop 
mones in pregnancy urine. 
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Dniployincnt of serum has some advantajfcs <jver tlic use of urine coucou- 
Irate, and at certain times lias dc/iiiitc indications. Specimens are easily ob- 
tained, and only a few c.c. of blood need be drawn, for 1.5 to 2 c.c. of serum 
is ample. After blood is drawn, it is a matter of minutes to get serum. The 
obtainment of the urine concentrate, however, necessitates several chemical 
procedures which in the best-equipped laboratories consimie about three hours, 
and in the hands of the practitioner will take tliree or four times that. 

Instances may arise where a test for pregnancy is clinically necessary, and 
yet it is desirable not to have the patient know or suspect the reason for per- 
forming the test. In such cases a serum test would arouse no suspicion, while 
a urine test in an intelligent woman would be almost a complete “give away.’' 

While the time required to produce a positive reaction is about the same 
wlien either urine concentrate or serum is employed; nevertheless, since the 
first morning urine is usually used because of its higher hormone content, 
the actual or real elapsed time wlien serum is used is .shorter because blood 
can be taken at any time of the day. Indeed, a positive test can be obtained 
by using serum before the urine specimen is even available for concentration. 

Summary . — The South African clawed frog (Xenopus laevis) is a suitable 
animal for the demonstration of gonadotropic hormones. These hormones are 
present in the blood of pregnant women, and when injected into this species 
of frog cause an extrusion of eggs. The end result is macroscopic and can be 
read with. great facility. Blood serum has several advantages, such as ease 
of obtainment and preparation; the “real" time for the appearance of ta 
positive reaction is shorter, and in instances where it is desired to keep the 
patient from thinking that pregnancy is suspected, serum is preferable. 
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A VEHICLE FOR THE INTRAVENOUS ADMINISTRATION 
OP PAT-SOLUBLE HORMONES" 


M. H. P. Friedman, Ph.D., PHiLiiDELPHiA, Pa. 


T he intravenous route for the administration of hormones is limited to 
those which are water-soluble. The fat-soluble honnones are usually re- 
stricted to some other method of parenteral injection. In experimental work 
it is often desirable to study the effects and the fate of fat-soluble hormones 
when given directly into the blood stream. This has been done by various 
workers by administering the hormone as a fine suspension in saline (Emery et 
al., 1943) or as a solution in alcohol (Cantarow et al., 1942). The danger of 
emboli formation in these procedures appears to be negligible when the amount 
of the hormone administered is small. However, the low solubility of some of 
the fat-soluble hormones, notably estrone, may require the use of relatively 
large amounts of the solvent. Unfortunatelj’-, because of their deleterious effects, 
the usual fat solvents camiot be administered, by vein in large quantities with 
any great degree of safety. 


Because of their properties, the suitability of the higher polyethylene 
glycols were studied by us, particular attention being paid to a compound Imown 
as “Carbowax 1500. ”t This compound is charaeterized by a large number 
of ether linkages and a high degree of chemical inertness. The molecular 
weight is about 1250, density 1.152*®°, melting point between 30 and 33° 0., 
and pH of 50 per cent aqueous solution 7.6 (glass electrode). At I’oom tem- 
perature the substance is light amber in color with the consistency of petro- 
latum, while in the liquid state it is faintl 3 '- brown and somewhat viscous. It is 
probably a mixture of several of tlie higher iiolyethylene glycols. 

The polyethylene glycol is soluble in blood and blood serum in all propor- 
tions. Single intravenous injections of 50 mg. androsterone, 50 mg. testosterone, 
and 150 mg. desoxy corticosterone, each dissolved in 3 c.c. “Carbowax 1500, 
have been made in dogs without untoward reactions. While these hormones 
precipitate out from solution when the solution is added in vitro to blood seruni, 
reactions due to intravascular pi’ecipitation appear to be negligible. The resu 
of inti’avenous administration of these hormones will be presented at a latei 
date ; the present paper is a preliminaiy report on the toxicitj^ of the polyg J co 
when given bj’’ vein. 

The only toxicity studies on “Carbowax 1500” reported to date are tho^ 
of Smythe et al. (1941, 1942). No microscopic abnormality of any of the 
examined was found in rats receiving the polyglyeol in drinking water up^^^ 
4.05 Cm. per kilogram body weight per day for ninety daj's. Much larger siUo 


•From the Department of Pliysiology. Jefferson Medical College, 

Received for publication. Dec. 9, 1943. 

tWe are indebted to Carbide and Carbon Chemical Corp., for a generous 
polyeUiylene glycol.s. 


supply 


530 



FKii-inr.w: 


INTIEAVKNOl’S AD.MIXIM K M Hi\ OF P\1 -f-OI-VilLi: IIOIUIONC?’ OlU 

doses fed to albino rats, guinea pigs, and rabbits wen- likewise without demon- 
strnblc eftocts ou tiie liver and kidneys 

A\ e h<i\o administered Carbowax i.itiO jniii.veiioiisiy to twelve raiibits 
ill single doses of 1 to 2 Giu, per kilojrrani bo<i\ ut-ii^ht without observing any 
roaefions. Four male mongrel dogs wero encii imcI, l,y vein 0.5 Gm. per kilo* 
giam of tile polyglycol and no dislurl>:iii<‘i' was ii'tlc.l ni I'espiratiou, pulse, or 
lemperatxire during the period of four bom-, luilowmg All dogs were still in 
apparent good henith two months later. 

Three female dogs and one male dog w.-i. vf.i. .,i.h 075 (Jm “Carbowax 
3500'' per kilogram per day for thiw stwr.--.\t and lilood studies were 
carried out for a period of thi'cc weeks Tin nd (nd wlnie i*o\int, hemoglobin, 
«uui hematocrit remained normal tbrough«»u} ’’n> g' ■ nni Three of these dogs 
were sacrificed one, four, and six months laltr n.-'S -.i-i ,itie demonstrable patho- 
logic ehangos found. The fourth dog, a ft’iu.ile. iv v-t'! In tug and in good health 
twenty mouths later. The Carbowax ni.}ee{na“ 'v -hi. dr>!i did not interfere 
with tile birth of five puppies six months atiei ,.diiiii.i'‘it.tTioii 

The effects of tlie polyglycol on the l)!or«l pic'-^Mt' wa- studied ill nine dogs 
under pentobarbital ancsliiesia and on .six umuu’stin ti/cd rabbits. When ad- 
ministered intravenously in 50 per cent solution in distilled water, no effect 
was observed in the dog in doses up to 4 Gm p«'r kilogram Wlion administered 
niulilutcdj there was often a vsiow nse m blo«nl pressure of about 15 mm, Hg; 
this I'Cturnod to normal within 15 to 25 mmut*"! Tins hypertensive action 
teas noted more freipteiitly when higher dosi's {'A in 4 tdu per kilogram) tvero 
nsed. Intravenous injection of 0 5 to 1.0 Gm pei kdogmm of the undiluted 
polyglycol produced in tiio rabbit a tran.'iitory uxc in blood pres'uiro (monsured 
in the central artery of the ear) of 5 to 15 mm. llg 

These experiments do not indicate the limit of tolerance for the “Carbo\va.x 
1500” nor do they reveal tlio ultimate fate of the .substance after administration. 
Better chemical tests for tlie identification of the substance must be developed 
for study of the latter problem. These preliminary results are presented at this 
time with the caution that further investigation Ls needed We believe that not 
only ‘‘Carbowax 1500” but also other higher polyethylene glycols may prove 
suitable vehicles for the intravenous administration of fat~solnbie hoi'mone.s 
(and vitamins), at least in experimental work. Tlie small amount of the 
honnouea usually required to produce the desired phy.siologic effect and the 
rehuively high solubility in the polyglycol art* m favor of the procedure. 

REFERENCES 

1. Emery, P. £., ^ratthe^Y^., C. J., Tabrnli, P. L.: CtrcuUUur\ EffotUs of DwthyL^tiU'c-troI m 

Cata ami Rats With a Note oa Intcs’tmul Ah'«orpnoji, Emlocrmol. 32: 77-SO, 104.1. 

2. Cantarow, A., Rakoff, A. E.. Paschki?, K. E,, L. 1\, anil Wnlklmg, .V. A.. E\*'ie- 

tiou of Estrogen ia Bile. Eniloerinol. 31l 515-519, 1042. 

3. yraythe, H. P., Jr., Seatan, S., and Fischer, L.: The «iusle Dom? To.\icity «if 

Glycols and Derivatives, J. Indust. Hyg. and ToxhoI. 23 : 25{)-2r>8, 1943. 

4. Smytiie, H. P., Jr., Carpenter, C. F.. Shafer, C. B., f<p.atan. J., and Fj.'.ohcr, t,.: Sumo 

Phaririacological Properties of Polyethylene Olyrnds of High Moleenlar Weight, ,J. 

rndiJ«r. Hyg. and Toxiro! 24: 281-284, 1942. 



IN market eggs 


Arkold J. Gelarie, M.D, Neu- York, xY. y. 


Tpathology 36; 262, 1943) addfaTotTer ^ Hartmann (Areluves of 

a-s culture medium for a number of deJic-at?” 

come to the fore as a result of tJm m’oIi nf O This method has 

embryo has been established as t ^ Pasture et ah, by which the chick 

viruses. "sodium for most of the pathogeuic 

medium for JjacteGrhasterirst!ue7lm ^ f 

(1<‘^94). Even earlier dSSS'l TTn ^ a century ago by Maffucci* 

is an excellent medium for manv |‘■cpol■ted that 'Ghe sterile unboiled eg;,' 

lhat while nowadays the hnt u- ^c>oiganisms.” Therefore, it seem.s strange 

many pathogens (iiieludin«' certnT ^ medium for 

eggs, in spite of the ohvin ^ i ^P“'®chetes) , tlie use of the ordinary ma'rkcf 
Furthermoi'c, it must ho fp’aritages, has not been resumed to an.v e-Ktent, 
fertilized eggs does not inoculation of infective material inlo 

it is rathe]' an infection oTfi.r]^ true cultivation of the implanted miez'ohe.s; 
brane.s, is lieiuo- invaded hv fi '^^^^'Hoping embryo, which, including its mem- 
a short time. ” ‘ ^‘^^’^m'ganisms, caushig death of the embryo in 

suitable mediuinVv)r^”n«f!^'^. Hy.sh market egg has proved to be a very 

for whicli -ive i- This is demonstrated by the following .study 

The technif/nc on ^ mmecus pneumoniae and mvcobaclcrium tuhereiilosb. 
‘uifiue employed was as follows: 

and a small hoR wnl drp7 painted with tincture of iodine, 

of blood from am* ■ ' ^ ^ sterile biVT. A few djojjs 

or a few di-nn^- r “Hected with pneumococcus Type I and III re.spectivcl.v. 
culture were i? ' ^ culture, or of a saline suspension from a plate 

eggs were ineiib-'^t^ 7^ '■ sealing the opening with .sodium .silicate, the 

100° p cithei at room temperature or in an electric incubator at 

room fenimrn/”^'^ Hat the growtli of pneumococci in market eggs procetded id 
'a sterile -v ■ inenbafor. Bv a.spirating 'vi**' 

areas of the eZ'’ ^ken at three-day intervals from diffcreui 

in niirn ,..Uf -Vamination of .stained smears revealed that the pneiimoiou' 

spmuling Hirougho,., the eggs. 


tHuepDx, Fenl ■ P“Ui. u. path. AnaU 

Centialbl. f. B.akt. 4: 30. 1883. 
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Traiisiuisisioii to nniiiuits was successful with niatcTial fi’om egg's up to eiglit 
^^eeks after iiioeuIatidM. without Joss of virtileiice or type specificity. Egg iiia- 
lerial, yollc as well as wliifi', in a dilution of 1:1,000,000, when injected intra- 
pcritoneally into mice, caused death of tlie animals witliin eighteen to twenty- 
four hours. The virulence of the cultivated strains, as tested in mice and 
rabbits, remained unaltered after repeated egg [lassagcs or prolonged cultiva- 
tion in tlie .same egg. TJie Neufeld eap.sule swelling lest was applied to yolk and 
egg wliite material, waslied with saline to reniou* *nlhei-ing- jirotein substances. 
The results indicated tliat tlie type .speeificity was maintained. 

The tubercle bacillus (typus huinanus) •'<mld be cultivated in the same 
manner without difficulties. TJie strain used had iieoTi recently isolated from 
an active case. After one transfer on PetroJf's m<duim, culture matciial was 
inoculated into eggs. In fertile eggs, growtii ul itacillus wms found to be 
almost limited to the chorio-ailantoie membrane Ju mdmary market eggs, 
liowever, development of tlie bacilli is not confined lo rvuLitod parts but spreads 
throughout the egg. Bj* this technique fair muiujilHmlion of the bacillus is 
being obtained on the fifth or sixth da}* following iiiotiilauon. This is the case 
whetJier tlio eggs arc kept in tlic incubator or at room temjieratiire. 

Microscopic examination of stained smears from n.«pirnted egg content 
shows bacilli arranged in irregular groups, .somctimp.s in clumplike aggregates. 
By intraperitoncal injection in guinea i>ig.s it was sliown tliat tlie virulence of 
the cultivated bacilli did not differ from that of the original culture. 

The.se observations prove that the ordinary fresh market egg is a suitable 
and valuable medium for tlic cultivation and preservation of pneumoeocei and 
lubeielo bacilli. It can just a.s well be utilized for the primary isolation of 
Ihese microorganisms and probably for other-s as well. It i.s noteworthy that 
the autlior did not encounter ain' dilficulty because of nonsteriJe eggs or 
secondary contamination. Tiierc is no need for using fertilized egg.s. TJio 
normal market egg offers tlie advantage that it is by far the eheape.st and 
.siniple.st nutrient medium ; it is easily obtainable and can be kept at room tem- 
perature. By using this method, the physician witli re.strietod facilities is 
enabled to cultivate bacterial agents from suspected material (.sputum, body 
fluids, excretions) and to perform the “typing” in cases of pneumonia. In 
doubtful tuberculous infections, cultivation of the Kocii baciIJu.s in eggs may 
prove an acceptable substitute for the animal expei'imcnt. 



ON THE USE OF MALLOBY’S PHOSPHOTUNGSTIC ACID 
HEMATOXYLIN FOR STAINING INTESTINAL PROTOZOA* 


Herbert L. Ratcliffe, Sc.D., and Phyllis V. Parkins, j\I.A., Philadelfhia, Pa. 


A t the present time, perhaps as never before, it is essential that diagnostic 
laboratories be prepared to make accurate fecal examinations for intestinal 
protozoa. A major handicap to such examinations, and in particular to, identifi- 
cation of Endamoeha histolytica, is the nature of the staining routines usuall}' 
recommended for preparation of permanent slides. 

The methods most commonly outlined in books on laboratory procedure 
require the use of Heidenhain ’s iron hematoxylin or one of its many modifica- 
tions. Most of these involve overstaining of the specimen, to be followed by 
destaining. Because of the size of the organisms to be identified, differential 
destaining must be followed with the microscope and at high magnification. 
Except in experienced hands this process is uncertain and prolonged. 

Procedures bj' which differential destaining may be omitted, either l)y 
carefully timed staining periods* or by acidifying the stain,- have not given 
satisfactory preparations in our experience. 

A stain that seems to meet the needs of routine examinations rather com- 
pletely is Mallory’s phosphotungstic acid hematoxylin, used as indicated here. 
The original descriptioiP of the procedure by which this stain was applied to 
fecal smears does not give entirely satisfactory results: first, apparently be- 
cause fixation time is too short; second, because the fixative advocated doe.s 
not contain acetic acid ; and third, because the staining period cannot be stated 
exactly. 

In our hands the following schedule has been tested many times and has 
given satisfactory preparations regularly. Nuclear stains have permitted ready 
identification of intestinal amoebae and flagellates, although structural detai s 
may not be quite so sharply defined as with the best of iron hematoxj 
preparations. 

1. Prepare fecal smears in the usual way and fix in Schaudinn’s fluid oi m 
any of its modifications, which contain about 5 per cent acetic acid; 1 to - 
hours. (Bonin’s fluid has not given useful preparations.) 

2. Remove bichloride of mercury from smears in the usual way. 

3. "Wash in 70 per cent alcohol to remove iodine. 

I. "Wash in water. 

5. Stain, in Mallory’s phosphotungstic acid hematoxybn for 20 to 
utes. The time interval will vary with the age of the stain or its degiec 
“ripeue.ss” and must be determined by trial. 

•From the Penrose Research Labonitory. Zoological Society of Pliilail'lDlo.i 
Department of Pathology, University of Pennsylvania; 
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G. Wash ill running water for five minutes or until the smears become blue. 
7. Dehydrate slowly in t)5 per cent and absolute alcohols. Otherwise smears 
may appear cloudy when examined Avitli oil immersion lens. 

Cytoplasm of the trophozoites of aiimebae and fiagellates aiipears pale blue 
and the nuclei darker blue, but within cyst.s, nuclei are much more clearly 
stained than usual, chiefly because the cytoplasm is so lightly colored. In 
smears containing cysts and trophozoites of several species of amoebae the 
larger specimens stain more deeply but all can be identified. 

It is to be remembered, however, tliat no staiiiing metliod can compensate 
for degenerative changes within nuclei of cy.sls and trophozoites of intestinal 
protozoa when stool specimens are held too long at room temperatures before 
smears are prepared. That such changes occiii lajiidly is understood too 
infrequently, 
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LABORATORY SUPPORTS^' 


Joseph G. Bock, Ch.E., Ph.D. 
Milwaukee, Wis. 


I T IS not uncommon to find that the supports (ring stands) which are available 
in the laboratory are either of the wrong size or are found to be too light in 
weight, a fact especially noticeable in the performance of microanalytical work. 
We found that supports Avith various bases can be simply and, inexpensively 
made in the laboratory. The bases are east from melted scrap lead, using a 
plaster of Paris matrix or a discarded tin can as a mold. Scrap lead can be pur- 
chased for a feAV cents a pound from a junk dealer; the price of new lead is about 
eight cents. 
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one-half inch high is poured into the box iii'bt; the wood model is placed on top 
of tins laj'cr, and the rest of the plaster is poured around the pattern. After 
the mold has hardened, the 'wood is removed It is advisable to drive tivo or 
three nails into the pattern to facilitate removal. The mold is dried in an oven 
or by any other suitable method. 

Before the lead is poured, the support rod is ()nt in position in the matrix, 
holding it fairly rigid and exactly vertical in a burette elamp. The rod vshould 
be notched witli a hie or a cliisel in a number of places for better contact. We 
find tliat a so-called brass-plated curtain rod {‘^lG inch) serves very well for 
smaller stands. Short lengllis of small pipe can also be used. Tlic lead is 
melted, the dross is removed from the surface, and the metal is poured into the 
fonn. If the iiattcrn was smooth, the stand can easily be removed and the mold 
used again. 

Round and oblong small bases can be east by u.suj'i: hat tin cans as molds. If 
the can is coated w’ith library jiastc and allowed to dry, the lead will, as a rule, 
not stick to the form. Fig. 1 illustrates such .stands. Tlie L-shaped support 
(28 X 35 X 90 mm.) weighed about three pounds. If desired, the corners can be 
rounded and tlio assembly painted. 



BLOOD AGAR PLATES'-" 


Robb Spalding Spkay, Ph.D., SIorgantown, AV. Va. 


O NE of the inconvenient problems of the small clinical laboratory is the 
question of a constant supply of sterile blood for blood agar plates com- 
monly used especially for cultures of streptococci, pneumococci, gonococci, and 
for the hemophilic bacteria. This ordinarily involves preparation of. glassware, 
defibrinating agents, and sterilization of syringes, not to mention the keeping 
and feeding of animals or the search for a -willing human donor. 

Practically all hospital or clinical laboratories receive blood specimens daily 
for serologic examinations. These are naturally collected asepticaUy and, if 
from local source, quickly reach the laboratory in an essentially sterile con- 
dition. 

For many years we have followed the procedure of breaking loose the clot 
with a sterile loop, then placing these tubes in the refrigerator. When the 
clot has retracted, we draw off asepticaUy only the minimum amount of serum 
required for the given test. The tube containing the clot and residual serum 
is held in the refrigerator at about 6 to 7° C. 

As the demand arises, we rotate such a tube of blood clot and serum rapidly 
between the hands. The serum takes up the free corpuscles and commonly yields 
sufficient dilute blood to make one or sometimes two blood agar plates rich 
enough in color and in serum to serve excellently both for enrichment and for 
detection of alpha or beta hemolysis. 

If the blood is collected and handled asepticaUy, we have rarely a contam- 
ination in such plates. Since they are poured immediately before streaking, an 
occasional isolated contaminating colony is of little importance. It need scarcelj 
be emphasized that these plates must be freshly prepared, lest minute colonies 
develop on standing and be distributed by the loop if inoculated on the follow- 
ing days. 

It is well also to date the tubes and to use the most recent acquisition, an 
constantly to replace the older unused tubes with fresh stock. 

By this simple expedient we have for years evaded the ineonvenienee com 
monly associated -with this problem. 


•From the department of ;>reiUcal IJucterioIosy nnil Public -» 

University School of Medicine. 
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We-a Virgin'-' 


THE BEEECT OP THE DISTAL APPLICATION OP A SPIIYGJIO- 
MANOJIETEB CUPP ON LOCALIZED \-ENOlJS PKESSURE 
AND AS AN AID IN VENTPCNCTI RB 


RonEHT D. Bakxari), iLn,* ('nicu}o. III. 


""PO FACILITATE veiiij)uiictiu*o, thcwt* expotlioiil.s i-esult iu u ilstj of 

\eiious pressure around tlic site of election arc oniployed. Gunther^ Jias 
stiessed the role of intramuscular pressure in the maintenance of venous return 
flo\v and illustrates Ids point by citinj' the practically utilized tui'fridity of the 
autieiibital veins of the ijroxinially toiirniqucfed arm ulieti the fist is clenched 
and file nuiseles of the forearm arc thereby put under increased tension. He 
tUtributes the positive venous pressure in the extremities to a reflected positive 
intramuscular pressure. Tlie author is i»»clined to believe tliat a major portion 
of the positive venous pre.ssurc in the superfieia) veins of tlio extremities is a 
reflection of the positive capillary pressure of tlio skin, citiny’, in this connection, 
that antieubital venipuncture is nuieli more easily performed when the skin 
capillaries arc not constricted by cold or by sliocklikc states.- 

^ It is common knowledge among the physicians and niii'ses who staff tlic 
various blood donor ceiitci^ that constriction ai-ound the wrist or pressure upon 
the flexor surface of the forearm will considerably augment the flow of blood 
from the site of tlic antieubital venipuncture. This plienomenoii cannot bo due, 
exclusively, to a “milking out” of stagnant blood in the forearm. In a series 
of experiments designed to elucidate the mechanism of this augmentation, it was 
found that steady pressure brought about by inflation of a blood pressure 
cuff, applied around tlie wrist, to an extent above tliat of the mean arterial 
pressure would, in most instances, result iu a trebling of the rate of venous 
blood flow, AViiere the venipuncture had not already been perfonned, the 
supex'ficial veins would become very proinincut, turgid, and easily entered by 
the needle. In obese subjects tlie median cephalic vein, ordinarily undetectable 
^fter the usual application of the tourniquet, becomes easily distinguishable by 
palpation from the suz’rounding (and particularly in females, tlic frequently 
overlying) muscle and thereby becomes tlie vein of election over the median 
basilic for plilebotomy. 

Fig. 1 illustrates the procedure. The cuff on the wrist is first applied; tlicn 
the toiU’iiiquet, which consists of pliable rubber tubing about 1 inch in diameter, 
is tied tightly around the upper arm being secured by a single looped slip 
knot for ready release, TJic cuff is then inflated to fiuni 100 to 120 lum. Hg. 
Either of the main antieubital or one of the superficial dermal veins will be 
cjisily accessible in over 99 per cent of subjects, however obese. Since it is 
undo.siralilc to protiuct the doulile constriction, antiscjitic preparations had pref- 
eralily been made over a wide area around Ihc anliciil)ilal fossa, l)cforehand, _ 

•Present Address: Crilc Gcncml lIosi>it.iI. Cle\ol.'»ml, Ohio. 
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The procedure is not recommended for unmasking the veins of subjects in 
shock for the purpose of infusion. In fact, it should not be employed except 
on relatively sound individuals for the securing of blood for testing or for trans- 
fusion. These considerations arise from cei’tain observations made in connection 
with its use. In the first place there is the possibility that the increased venous 
pressure is brought about by an increased capillary fiow, the latter in turn 
being a reaction to trauma in the form of localized anoxia. For, if ordinary 
venous stasis from the proximal tourniquet were the only operative factor, it 
would be necessary to have the latter onlj’- sufficiently tight to exert a pressure 
slightly above that ordinarily extant in the veins of the extremities; in no 
physiologic instance greater than 20 mm. Hg. However, as in recent ordinary 
practice, there is substituted for the proximal tourniquet, a sphygmoraanoineter 
cuff; the latter must be inflated to above the diastolic arterial pressure Iiefore 
pronounced augmentation of the venous pressure, distal to it, results. In the 
described method, the proximal tourniquet is tied correspondingly tightly. 



Secondly, the blood collected by this procedure shows a departure from the 
physiologic clotting sequence. This may be noticed in subjects in whom at- 
tempted venipuncture has caused injury to the vessel wall with the resultau 
formation of a hematoma. Usually such extravasation collapses the vehi so that 
blood cannot be secured; if a flow does result, then clotting uiduced bj e-x ra 
hematic thrombokinase will shortly tenninate it. These limitations do not 
with the tight proxunal toumiquct. It is po.ssible to continue the 
blood in the presence of a large hematoma by the application of the 
procedure, even if the needle is not ivithin the vein and Pi'ovided its umcn^^^ 
not occluded, the supply being maintained from the hematoma, itsc h " 
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constitutes the reservoir fed from the rent in tJie vein wall and in which 
reservoir the blood remains fluid iinieh Ionj?or than would be tlie case under 
ordinary circumstances. Tin’s fact i.s cited, not in advocacy of tJic practice of 
collection of blood from iiematonias (which m.ay, however, lie a useful ex- 
pedient where the particular blood sample must be oblained), but to point out 
tliat there ma}'^ be a physiologic alteration in the blood so collected and that the 
procedure is called for only in those instances whore the ordinarj’ ones do not 
suffice. 
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CHEMICAL 


THE RELATION BETWEEN THE BANDY TEST AND TOTAL 
PROTEIN CONTENT OP SPINAL FLUID* 


M. J. jMadonick, M.D., and Nathan Savitsky, M.D., New York, N. Y. 


S INCE the reports in the literature regarding the relationship between the 
Pandy test and the total protein in the spinal fluid are contradictory, and 
since it is the policy in some hospitals not to perform a cpiantitative protein 
estimation on the spinal fluid in the presence of a negative Pandy test, we 
decided to determine the relationship beUveen the two. 


Table I 



TOTAL 

BELOW 50 MG. 

POS 

PANDY 

ABOVE 

NEG. 

PANDY 

50 MG. 

POS. 

ABOVE 100 MO. 

POS. 

pandy 

Brain tumor 

153 

48 

5 

46 

54 

0 


Spinal tumor 

55 

19 

1 

14 

21 

0 

l.i 

Convulsive state 

36 

31 

0 

5 

0 

0 

0 

Vascular Disease C.N.S. 


104 

6 

36 

14 

0 


Degenerative Dis. C.N.S. 

285 


11 

41 

11 

0 

5 

Infectious Dis. C.If.S. (e.\'cepts3T3liilis) 

69 

33 

4 

9 

23 

1 

9 

Traumatic Encephalopathy 

25 

19 

1 

5 

0 

0 


Functional Nervous Disease 

24 

16 

2 

5 

1 

0 

0 

Peripheral Neuritis 

33 

17 

0 

9 

7 

0 

4 

iluscular Dystrophies 

15 

14 

1 

0 

0 

0 


Syphilis 

86 







Paresis I 


1 

1 

3 

10 

1 

2 

Tabes > 


14 

1 

6 

I 

1 

0 

C.N.S. Lues J 


24 

4 

12 

9 

1 

3 

Miscellaneous 

59 

38 

1 

14 

6 

9 

■i 

Neurofibromatosis -i 









Arthritis 









Dysendocrinism 









Optic Atrophy — Unknown etiology 









Migraine 









Cerebral Agenesis, etc. J 








— 


The records of 1,000 neurologic admissions were examined. The nature oi 
the clinical material used in this study is shown in Table I. Ling’s* met lo 
was used for the protein determinations. It gives comparable results to 
other procedures employed in estimating the total protein content. iUthoug | 
37.9 mg. per 100 c.c. is given as the highest range of normal protein b> 
method, we consider values beloiv 50 mg. per 100 c.c. as still being within nor 
mal limits. Table II indicates the distribution of the eases according 
content and the results with the Pandy test. Table III summarizes out i 
It is interesting to note that 57 per cent of the eases had a uegatiie an , 

^ V I. *5 P 
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reaction and a total protein of 50 mg. pci- 100 c.c or over. Above 100 mg. 
per 100 C.C., 17 per cent had a negative Pandy. The protein level at which the 
muly reaetioii became po.sifive in more than SO per cent of the cases was 70 
to 75 mg. per 100 c.c. 

A .survey of tlie literature shows that many aiitlioi-s are of tlic opinion that 
a negative Pandy reaction ilcfinitely implies pliy.siologic concentrations of pro- 
tein and that consequently a negative Pandy reaction does not occur with 
patholopeally increased protein concentration Among the investigators who 
hold tliis view are Zaloziccki,’* Greenfield,’ ainl Esknclien.’ Liebold,' on the 
ot ei hand, states that a positive Pandy he found with a protein content 
between 1« to 30 mg. per 100 c.c. Izikowitz,* after studying 618 cases, con- 
cluded that negative Pandy reactions do not exclude the possibility of path- 
0 ogically increased total protein and glohulin concenfration values. Positii-e 
reactions are no proof of patliologic in-otcin increase nor do negative reactions 
constitute proof of physiologic protein relations. .M-el”’ states that a quan- 
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titative protein determination cannot be dispensed with even if tlie Pandy 
reaction is negative. Merritt and Fremont-Sniith“ write that tlie Pandy test 
is useful in indicating the presence of increased protein. However, they state 
that the “performance of a qualitative test does not give an accurate estima- 
tion of the degree of increase in the protein content.” Quantitative tests 
should also be done. DieksoiP noted that in infectious disease an increase in 
globulin can be detected when the total protein is as low as 30 mg, per 100 c.c. 

The Pandy test is considered to be an index of the globulin fraction 
of the spinal fluid (Kafka, ^ Levinson®). In his paper, however, Pandy^^ stated 
that the test is not only for globulin but also for albumin. Sehmitt,^ and 
Merritt and Premont-Smith® also believe it is not a definite test for globulin. 
Pappenheim^® writes that with a negative Pandy reaction the total albumin 
content of the spinal fluid is always low and that a negative reaction excludes 
with certainty a pathologic increase of ■albumin. This, he maintains, holds 
except for isolated instances. An explanation for the negative Pandy witli 
increased total protein may, therefore, be an increase of one or other of the 
fractions. Further work will evidently have to be done to clarify the relations 
of the globulin and albumin fractions to the Pandy test. 

Our results as indicated confirm those investigators who maintain that tlie 
total protein may be increased desiiite a negative Pandy reaction. The level 
of protein at which more than 50 per cent of the cases in our series began to 
show a positive Pandy was 70 to 75 mg. per 100 c.c. We also found eases in 
which a positive Pandy was demonstrated with total protein content below 
50 mg. per 100 e.c. and even as low as 20 mg. per 100 c.c. 

SUMMARY 

1. The records of 1,000 neurologic admissions were examined as to the 
relation between the Pandj" lest and the total protein content of the spinal fluid- 

2. Of the eases, 59 per cent had a negative Pandy with a total protein 
content of 50 mg. per 100 c.c. or over. 

3. Of the eases with a total protein content of 100 mg. per 100 c.c. or over, 
S3 per cent had a positive Pandy reaction. 

4. The IcA'cl of protein at which more than 50 per cent of the cases begun 
to show a positive Pandy was 70 to 75 mg. per 100 c.c. 

5. Our results indicate that a negative Pandy may be present with a total 
protein above 50 mg. per 100 e.c. 


REFERENCES 

1. Dickson, W. E. C.: The Examination of the Cerebrospinal Fluid, The Medical Iri-’ 

and Circular 19i: 75, 1937. 

2. Eskuchen, K.: Die Lumbalpunktion, Wien, 1919, Urban and Sc-hn'arzenberg, p. '"■ j 

3. Greenfield, J. G.: The Interpretation of Eeports on the Cerebrospinal Fluid, na i 

2: 770, 1923. . , ..nj 

-1. Izikowitz, S.: Methodological and Clinical Studies on Total Protein, Oloo 

Albumin Concentrations in Lumbar Fluid, Stockholm Theses, 1941. „ j 

5. Ivafa, V.: Serologie der Geisteskrankheiten in Haudbucli der Cmiste-skrankheu , 

III, Allgemeiner Teil III, Berlin, 1928, .luliu.s Springer, j). 251. ti,,, C. V- 

C. Levinson, A.: Cerebrospinal Fluid in Health and in Disease, St. Loui-s, IJ-J, 

Mosbj' Co., p. 251. . T - , , „..r,.I,ro=pin:di?; 

7. Liebold, H.: Ein einfaches Verfahren zur Eiiveissbestimmung im Liquor etr r 

Leipzig Dissertation, 1934. 



JIADONICK AND SAVITSKY: PANDY TEST AND PHOTEIN IN SPINAL FLUID 545 

S. Ling, S. IL: Tlio Dolormination of Protein in Spinal Fluid "With a Note on the In- 
crease in Protein in tlio Spinal Fluid in Tj'phus Fever, J. Biol. Ciiem. 69: 397, 1930. 

9. Jlcrritt, IL IL, and Fremont-Sniith, F.: TIio Ceiclno.spuinl Fluid, Philadelphia, 1937, 
W. B. Saundeis Co., p. 250. 

10. Neel, A. V.: Tlio Content of Cells and Proteins in the Notinal Cerebrospinal Fluid, 

London, 1939, Oxford Cniverhity Press, j) O.S. 

11. Pandy, 1C. Uber cine ncuo Eiwcisspiobo fur die ('eiebro'-pinalflussigheit, Neur Ccntrabl. 

29: 915, 1910. 

12. Pappenheim, M, : Lumbar I’uneture, London. 102."i. .lalm Bale Sons and Danielson, 

Ltd., p. 112. 

1.3. Schmitt, W. : Dio Bcaktion von Nonne-Apelt, Paiulj itnd Wc'clilnodt an reinsten Sorum- 
ciweisskorpern, Ztschr. f. d. ges. Neurol, u. P-?ychiat. 128: .lO-t, 19.30. 

H. Zaloziecki, A.: Ueber don Eiwei.ssgehalt der (*eie5»r.ispinalflu<5siglvcit, Deutsche Ztsclir. 
f. Nervciih. 47, 48: 783, 1913. 



MEDICAL ILLUSTRATION 


REPAIE OP CRANIAL DEFECTS BY CAST CHIP-BONE GRAFTS 


A Preluiinary Report 


JoHx Marquis Converse, New York, N. Y., Carl Daaie Clarke, PhD.,! 

Baltijiore, ]Md., and Hexri Guidi, D.D.S.,i Algiers, North Africa 


T he restoration of the contour in cranial and frontal hone defects was 
achieved during the first World War by one of three methods: 

1. Costal cartilage grafts .(iMorestin*) were used to fill out the defect by a 
cartilaginous and fibrous tissue network. . 

2. Foreign materials, such as celluloid and silver plates, were employed. 
Slany of these were later removed following foreign body reactions. 

3. Osteoperiosteal grafts taken from the tibia were used extensively and 
successfully by Delangeniere.- 

A later techniciue employed for the filling in of relatively small defects 
consisted in the removal of the adjacent outer table of a portion of the skull. 
Bone obtained in this manner was transferred to the defective area. Move 
recently bone for large grafts has been obtained from the inner table of the 
ilium. However, because of the difficulty in obtaining sufficiently large bone 
grafts for extensive defects and of giving suitable curvature and shaping to the 
bone, interest in the utilization of nonirritating foreign materials was revived. 


The materials employed for this purpose arc vitallium, tantalum, tieonium, 
and acrylic resins. Vitallium requires preliminary easting, a serious incon- 
venience. On the other hand, tantalum and tieonium can be applied in sheets 
that are easy to shape. These metals are difficult to obtain and expensive, 
however, aside from the disadvantage of always remaining foreign bodies. 'Ihc 
tolerance of the tissues to aeiylic resins has not as yet been fully ascertained. 

In tw'elve cases recently operated on by Converse at the French ilaxiHo 


Facial and Plastic Surgeiy Center in Algiers consistently good results were 
noted in the repair of mandibular defects caused by war injuries. Ciup-bonv 
grafts removed from the ilium were used. As a result of this experience, die 
foUowmg technique has been evolved for the filling in of cranial defects \ridi 
cast or formed masses of bone chips. This molding and easting technique h.i'’ 
been used with excellent immediate results in three cases. Because of the ex- 
tensive use made of molds and casts, their preparation is described in detai • 


As a means of simplifying this text the following definitions are given. 


mold is an impression of an original object. A cost is an impression 


A 


from the 


•Major, in charge of Plastic Surgerj-. French Army of X'orth .Vfrica. 
fCaptain. A. U. S., Xorth ^Sirican Theater of Operations. 
JLieutenant, French Army Dental Corps. 
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mold. Accordingly, tlie mold is tlic negative and tlic oust is the 2)ositive. The 
oases described arc repaired 1)3’ incoi*p()rating Avilh tlie bone surrounding the 
skull defect a oast area of bone chips that ls of the desirod thickness and shape 
to replace tlio lost contour and to give meehanieal )irot(‘etioii to the brain. In 
other words, a cast of bone chip.s is suitabl.v shaped ♦<» restore the defective skull. 


PREPARING THE ifOLD 


In preparing the metal mold for the bone chips the first step is to make 
an agar mold of tlie entire face of the patient. Tiiis proce<lure has been de- 
•scribed b3' Clarke and Cone^ and b3' Clarke.* From tlic agar mold is made a 
plaster of Paris cast as seen in Fig. 1 . This t(‘o has been described in detail 
b\’ Clarke.^ It is of considerable advantage to malu' a east of tlie entire face 
including the cars; the normal side then can lie used as a guide for the restitu- 
tion of tlie contour of the defective side. 

In tlie case illustrated, the cerebrospinal fluid causes the skin over the 
defect to recede and expand. Restoration of the skull should aim at a replace- 
ment of the outer table to its proper level; also, it should aim at restoration 
of the noi-mal curvature of tlie inner table to allow for expansion of the fluid. 
The plastelinc is modeled into this area on the plaster cast and serves the pur- 
pose of fixing the .size of the cavit\', as well as alYording support for the wax 
modeling which is to follow. 

The amount of wax to bo placed over thi.s area will represent the thickness 
of tlie skull. Tins must be determined by eon.sidoring sectional views of normal 
•skulls, 

It must be realized tliat tiii.s work Is done over tlie skin surface as repre- 
sented on the mold. For this reason it is necessaiy to consider the sectional 
view of the progressive work (Fig. 2 ). The top illustration shows tlie sectional 
view of the head with the wax and plasteline in place. The points A and B 
represent the area on which the bone graft eventual]}' will rest on the natural 
bone of the skull. The skin flap will be tinned back and the “bone plastic” 
put in place against the denuded surfaces of the bone of the skull. In this 
manner the skin siiifts position to the outside of tlie bone plastic, as seen in 
the liottom part of Fig. 2 , instead of lying on tlie inner side of the plasteline 
and wax reconstruction as seen in the top part of the same illustration. 

After the plasteline has been put in place, as seen in the top part of Fig. 
3 , to represent the contour of the brain, a la3'er of modeling wax is applied to 
represent the thickness of the chip-bone graft. This wax is seen in the bottom 
half of Pig. 3 . It is modeled so as to rcstor-c normal contours of tlie head. When 
both sides arc sj'mmetrical the modeling is completed. 

A wax composition suitable for the purpose 0133* be compounded from the 
following fonnula: 

Farts by weight 


Paraffin 

Resin (colophony) 
Petroleum jclb’ 


The paraffin and petroleum jcUy are melted together. Then the resin is 
ndded and the mixture is heated slowl}*' until the entire mass is melted. In 
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sufficiently plastic to work as i stiff cln” *» luive the material 

becomes fairly 'harcl on coolinV Tins mixture 



j tile modeling- is completed and the wax mixture has cooled, a plaster 

ru) I ? f t’ca «s seen in Fig. 4A. This plaster mold is 

sa j p seiiarating medium, and then placed in French casting 
ed” ' patted ilat around the mold to form an edge. The 

^ aG of the sand mold is dusted with talc to form a separation. A tin wall, 
40, is placed over the plaster mold. French casting sand is then put into 
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Fig. 2. — A and B, Plasteline is used to fill in the area that will represent tlie inn 
o£ the cranium. . 

G and D, The wax is used to reconstruct the contours of the head. Tlii-s wa.x 
represent tlie shape and thickness of the cast bone eraft. 
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tlie wall and packed against the plaster mold and the sides of the wall. It is 
finally packed tightly with a hammer as seen in Fig, AB. 

Tlie iin lodll containing the sand and plaster mold is tlien turned upside 
down and the plaster mold is removed as seen in Fig. 5^1. The resulting half 
of the sand mold thus obtained is placed mi a gas burner and baked hard and 
dry (Pig. 57i). It can then be jioiircd with lead as shown in Fig. 5C. One- 
Iialf of tlic metal mold that will be used lor li>e Ixme chips is thus produced. 



Fiff. i.~A. A plaster mold is made over the wax 
n. The mold is iemo\ed and placed In French casting 
O, A tin wall is placed over the plaster mold. 

D, The wall i» filled with sand and tlghUy packed. 


At this point it becomes necessary to remove tlie 
the plaster 4t of the patient’s head. If the head has been ° 

the modelins, tlio was tvill not stick to the plaster but wiU 

piece. This was piece is imbedded in .a two-piece p as ei , , , Paris 

in Pig. 6. Such a mold can be made by mising ngnal parts of plas ei of Pa « 

and eitlier river sand or powdered silica while in a i> ® 

to a prcdetcrmuied amount of water as iii tlie regu ai p 

casting and the mold is made. 'The resulting mold is uri.a over a 

tern removed. The plaster-silica mold is closed and completely dned 
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• .T. tncTPthpi' with wire, and melted lead is poured iii 

gas burner. It is then i lead has set and cooled, the plaster- 

through a fmmel-lite This tviU he a tad «pli» 

laS a“a and should lit the plaster cast of the patleafs had i. 

the same manner as the wax. 






iJ W; j ^ ^ V^t; V y. ? • V ■ i'^r . j- ■' a 



tr 





•4 ■ ' “V ' a '■ ' «*'.* •^5-'*' 


cast is 

Fig. 5. — A, The sand mold is turned upside down and the P 

B, The sand mold is baked hard and dry. 

C, The sand mold is poured with metal. r a oC the ^vax 

D, Both pieces of the metal mold and the metal rep i ^ 

This piece is now placed in the half of the lead plaster. ^ 

previously and should still be in the tin ’tvall. ^°LaratioR ®“| ,%■ 

and glue is painted over these lead pieces to facilitate s ^ ^^-0(1. 
part from another when the second half of the lead mo j^jctliuin irt’ 
in the mixture serves to keep the plaster in this sepaia j 

ting and helps to hold it as a thin “coat of paint to t tlis^ 1 ‘‘ 

half of the lead mold is then made. It is important to 1 
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must not be so hot as to melt tlie first half of the mold, liowever, it iiiust be liot 
enoiij^h to ilow freely. Wlicn tlie second half has Imh'u poured and lias cooled, 
the mold is opened, thus produein*' two hahes of the mold and the metal replica 
of the wa.x replacement as shown in Fi" 57). This js the mold which will be 
used to receive the bone chips. The metal I'epliea of the wax inodelinjj is of no 
further use and may be discarded. Fij?. 7 is a mrciuimcal drawinjr of a cross 
section of the metal mold or die and counleidic thal is used to compress the 
iinne chips. 



I). 

Fie. 6 Tlie plaster silica mold for makms metal leplica of wa.\ reconstruction of chip- 


Fiff. 7. — The metal mohl for making the cast cl«p*bonc graft. 

THE SURGICAL PROCEDURE 

T)ie steps of tlic sui'uical procedure arc: under general anesthesia (intra- 
traclieal, gas, oxygen, and ether), and after a pcripi.eral infiltration of one 
per cent novocain and adrenalin, a wide scalp llap outlined with pen.and ink 
and incised. This flap is carefully dissected from tlie dura, thus widely ex- 
posing the defect (Pig. S). Tlie edges of the bone defect aie rc.sedcd in a 
I'cvcied manner and the detect is tlien ready to receive the hone graft. 

The inner table of the ilium is exposed by clevaliiig the periosteum from 
die crest (top illustration in Fig. 9). A segment of tlie inner table is removed 
and sectioned into cube fragiiiciils measuring 0.2."i to 1 cm. Tlicso bone frag- 
ments are packed into tlie lower half of tlie sterilized metal mold (Fig. 9/1) 
The bone fragnicnts are added to tlie mold to a lioiglit above tliat of tlie desired 
liickness of the final bone graft to insure impaetioii of tlie fragments after 
'hey have been compressed. Blood from the iliac wound is then withdrawn m 
■I syringe and mixed with the bone fragments in tlio mold. Tlie upper lialf 
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^,'1^. s. — A, This illustration shows an extensive defect over the frontal lohu 
llap luis been dissected away from the dura. 

B, Tlio bone edtjes liave been beveled and made ready to receive tlio gratt. 




poS^?io?Vallll)‘f the itft f?ontl’l linus’ were'Vs’troyX’ieaving L^S'ening C x 3.5 cm. 




4 




Fiij. 11. — A, Case 1. A plaster cast of the region sho^\■ S' 

B, A plaster cast showing the metal reconstruction. . . 

C, The clo.sed metal mold for compressing' the bone chlp^ ^ ,„ahing tb 

D, The open metal mold with the metal casL This replica was 
mold and was Anally discarded. 
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of the mold is put in place and the entire mold is inserted into a sterilized 
strong dental or letter press (Fig. DC). Pressure is applied and maintained 
until the blood has dotted, the fibrin of the dot acting as a cement in holding 
together the bone particles under pressure. This bone “plastic,’’ shaped, cast, 
and lield in one mass by the double action of eom]>ression and fibrin cement, 
is then introduced into the position covering the defect of the sknll (Fig. DZ)). 




12. — Case 1. Left: Tltc ic.-toraUon of tl>o contour by the use of a clup-bone graft. 
cosnioUc pencil «as used to reconstruct the eyebrow. Tlio ptosis of the upper left 
‘•jeiia resulted from a partial destiuctlon of the levator and supenor oblique muscles 


it is important to note that the fragments must bo sufficiently pressed together 
so that tiie east chip-bonc graft will emerge from the mold as one solid mass. 
Failure to do this results not only in irregularitic.s on the surface of tlie graft 
l>ut also in a flattening of the curvature of the graft, which would prove detri- 
mental to the contour restoration. 

Immediate follow-up studies on the three cases reveal the following facts ; 

1. Cases 1 and 2 presented a resistant, firm, and shapely contour restora- 
tion after five and four months respectively. In Case 2 a few small irregulari- 
ties that were present have become smooth. Roentgenographs taken after the 
operation suggest that the numerous fragments have become laiitted into u uni- 
form mass. * 

2. Case 3 represented a large defect which was filled by the cast bone 
Si’aft. However, because of the fact that the mass was not sufficiently com- 
Pie.ssed, some flattening took jilace. TJiis was ea.sily corrected in a second 
^argical operation. In such a large defect it should also be possible to in- 
ijorporate in the bone mas.s one or two tautalum-strip supports or a tantalum 
^'iie mesb if necessary. 
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Fig. 13. — .1 and H, Case 3, Lt. B. before the oi)eration. 
C and I), The .«.ame p.atient 27 days after the operation. 


CON’VKUSE ET AIa: rep AIK OP CHANIAT. DHPErTS 


550 


coxrr.rsioNs 

Tlic molhotl (U*s(*rif)c(I wjjk uscil in IhvtM' jmsi"; 'IMu' first <iporatiou of tiiis 
type was pevfovuwd in A\\}*v\Ht, 3y4»5. It \s stiff tt>o ravly (Docemljer, 1043) 
to preQii’t whether the grafts now in plaec will gi\e ulliinate clinical satisfaction. 
The final clinical rcsviUs obtained in these cases will be voi)orted later. 

The technique represents a considerable amount of work in preparing the 
easts ami molds before the operative procedure, hut the surgery is thus simplified. 
The shaping of the graft is done by the mold, ami the oemtour, although it must 
ho predetennined, may ho c.Kcellont. 
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Erratum 

In the article “A Solid ilediwm for the Trauspovtation of Delayed Gouo- 
eoccvis Cultures*’ by Nell Ilirschberg in the March issue of this Journ'al 29: 314, 
1944, page 315, line 37: 

0.24 per cent Nile blue A should read 0.024 per cent Nile blue A. 
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THK ACUTK and CHKONIC TO.XIcnA' Oi-' I.'^Ol'IJDPVI; ALCOHOL* 


A. J. Lkjimax, Pii.I)., jAI.I)., \m) II I’ Af.I). 

Dctkoit. .Mhh 


siniiiarity in pliy.sical i)roi)ci'tios of is<iin*oj>\J and elhyl alooliol iuiy 
1 sugjjested the .siib.stitution of the fornioi* for the iatter. Althoufi'h not a 
coiiiplete substitute in eveiy instance, isopropyl alcohol lias found considerable 
use in industry. Industrial toxicology of the alcohol as the result of occupa- 
tiunal exposure ajiparently has not been a serious in’oliioni. However, with the 
Pi’esent acute shortage of ethyl alcohol, a wi<ler ap])]icalion of isopropyl alcohol 
js in prospect, especially for cosmetic and iiygienic purposes. P’or this reason 
its acute and clironie effects assume a grealer importance than lieretoiore. 

Isopropyl alcohol has liecii of considerable scientific interest in the past, 
3nd several summaries of tlie literature iiave appealed, notably those of .Hunch 
and Sehwartze^ and :AIorri.s and Lightbody.* Host of tiie published reports 
have been confined to acute effects as observed in various animals, special or- 
gans, and microorganisms, using a variety of methods. In general, these in- 
vostigatioiis agree that isopropyl alcohol is approximately twice as active in il.s 
loxic propensities as ethyl alcohol. 

Studies on clironic intoxication liave not been very extensive. PoliP ad- 
>iiiuistered orally a total of 224 c.c. of isopropyl alcohol in small daily doses 
^"riiig a period of two months to a puppy and found tliat the alcoliolized an- 
imal showed a greater gain in weight tlian an untreated litter mate. Boruttau' 
ill a similar experiment gave 5 c.c. per kilogram for several weeks to one dog 
and observed no harmful effects. Slorris and Lightbody^ leported experiments 




y ot isoprojjyi aiconoi aiiu is supp 
*K. through couitesy of Mr. James Park. 
Received for publication, Dec. I, 1043. 


5G1 



TIIK JOintNAL OP LAnOKATORY AXD CLIXICAO AniDrOlNIC 


062 


on rabbits, Ibo ol)ji'el of wliioli was lo clotoriiiine tlie (Icvolopiiicnl of loleraiico. 
Tlioy round a deci’cased rate oi‘ reeovciy from tiie nai-cotie effects during tlie 
last four days as compared with the fii-st four days of an eleven-da}" observation 
period. This Avas ascribed by them to an accumulation of alcohol, because of 
sloAV destruction and elimination, and to the production of a depressant inter- 
mediary metabolite, probably acetone. 

Much of the earlier data are subject to considerable variation, probably tlie 
result of using an alcohol of doubtful puritj"^ as well as the employment of dif- 
ferent doses and methods of administration. In view of this fact and also in 
anticipation of projected experiments on absorption, combustion, and distribu- 
tion of isopropyl alcohol, it seemed necessary to re-establish minimum lethal 
doses Avith a product of knoAvn purit}" and Avith adherence to a standard tech- 
nique. Therefore, Ave undertook a comprehensive study of acute and chronic 
toxicity of isopropyl alcohol, employing a product at least 99 per cent jnire. 
Some comparisons Avith ethyl alcohol Iuia'c also been made. 

HEAIOL.YTIC ACTION 

Based on the evidence- that isopropyl alcohol is sloAvly destroyed and 
eliminated, suggesting a prolonged sojourn in the blood stream, hemolysis of 
blood cells and precipitation of blood proteins may occur. This continued in- 
jury, should it develop, could be re.sponsible for the reported delayed deaths in 
animals. The importance of the blood effects also becomes apparent in metabolic 
studies Avhere prompt and complete absorption of any specific dose must be as- 
sured and intravenous administration is the method of choice. Hemolytic 
actions Avero observed in vitro, using a technique similar to that employed in 
testing red cell fragilit}". One cubic centimeter of Avhole rabbit blood Avas added 
to a series of tubes containing isopropyl alcohol in concentrations ranging from 
0 to 100 per cent in 10 per cent increments, Avith and Avithout sodium chloride. 
All tubes Avere inspected at the end of three and tAA"enty-four hours. Isopropyl 
alcohol in Avater produced immediate hemolysis in 10 and 20 per cent concentra- 
tions. Dilutions prepared Avith 0.9 per cent sodium chloride offered complete 
protection in the 10 per cent tube, but produced complete hemolysis in the 20 
per cent tube at the end of three hours. Tliis result Avas not significantly altered 
Avhen final concentrations of sodium chloride in each tidie Avere maintained at 
0.9 per cent. Concentrations of isopropyl alcohol above 20 per cent regardle.s.s 
of the diluent produced precipitation of blood proteins, the amounts of precipi- 
tate A-arying directly as the alcoholic concentrations increased. It appears that 
exposure of blood to 10 per cent isopropyl alcohol in 0.9 per cent sodium chloride 
is a condition Avliich if it obtained Avithin the circulatory system, Avould not jiro- 
duce any grossly detectable injiuy to this tissue. This is at least twenty times 
the blood alcohol concentrations aa’IiIcIi could be reached Avith even a fatal dose, 
and delayed effects of .such exposures AA'Ould not seem to be a contributory caii.se 
of death. 

INTUAVEXOU.S TO.XICITV 

This was studied in ten rabbits and .se\-en dogs which recei\-ed Isopropyl 
alcohol by slow infusion into a suitalde vein, a 20 per cent solution in 0.9 per 
cent sodium chloride being given at the rate of 0.25 e.c. per kilogram per min- 
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ute. This slow infusion rale could not be maintained in rats, and after ten trials 
with widely varying results no further attenii)ts were made. The anesthetic 
dose was also detcrniined as the amount ncM'cssaiy tu ))r()duce cliniinutioii of the 
C'orncal reilcx. Tabic I sliows the average aticslhetjc and fatal doses for the 
nlcohol in rabbits and dogs. 

Table I 

Aver.\CK ANKSTIIETIU AND FATAL DoSES OF ISOCl’OINL Al'nMoL \i ( ut iMi; WKN'Ol'S 

iNFCSHKV IK ]{AU»ITs A\li I)0(,S 


ANIMAL 

.NOMBU: OF 

WEsriiFTU’ J'osr 

FATAL DOST 


K.\I*F1UMFNT.S 

ril. TFR KIT/RtllAM 

. (' I'Fi: ICfLOfilMM 

Ikiihhit 

10 

1 

s L’3 

Dou 

7 

1 Ti* 

.d IJ 


*An a\erage for Jlvc ilogi. 


It is seen lliat tlie aiiestlictic dose for both species is almost identical, hut 
I'cprcsents only 39 per cent of llic fatal dose for ralihils as against G5 per cent 
of the fatal dose for dogs. 

GASTRIC TOXICITY 


Isopropyl alcohol wa.s administered gaslrically to one liundred and forty 
white rats, thirty-five rabbits, and one hundred and t\\o dogs Food was with- 
drawn from all animals for twenty-four hours before administration. Suitable 
■■iounds or stoniacli tuljes were employed, tlie alcohol being introduced as a 50 
per cent solution in 0.9 per cent sodium chloride or water in rats and rabbits. 

did not tolerate the alcoliol well. After some jireliminary trials it was 
found that a 25 per cent concentration in warm tap water was tlic most suitable. 
Vomiting occurred in si.xly-two dogs and the.se annuals were discarded. A 
period of three dav.s was allowed for a fatal outcome. The results are sliowii in 
Talilc II. 

Table II 

Toxicity of Isoi'Roi’Vl Ali oiiol Accoudixc to Gasticic Aumin'istratio.s i.k Eats, RAmiiT.s, 

AND Docs 


ItOSE 

e. PER KG. 

WHITE 

RATS 

RABBITS 

DOGS 

* 

NUJIBEBOP 
ANIMALS USED 

PERCENT NUMBER OP 

MORTALITY ANIMALS USKH 

PER CENT 
> JIORTALITY 

NUMBER OF 
ANIMAL.S USED 

PER CENT 
MORTALITY 

80 

10 

100 

5 

100 

1 

3 (2) 

100 

100 

7.0 

0.5 

25 

44 

56 

5 

10 

100 

90 

6 (4) 

9 (3) 

55 

0.33 


10 

0 



0.17 




0 


37 

0.0 


o- 



S (9) 

0.0 

o.O 

15 

15 

15 



5 (23) 

6 (3) 

60 

33 

4.0 




2 (11) 

0 

— 2..5 

10 

0 





4osc a^eari^ 

Was commonly 
111 parentheses. 

' cxhibitcil In 

, does, and tlic number discarded therefore on each 


The surely fatal dose in white rats was 8.0 c.c. per kilogram; in rabbits 
c.c. pex* kilogram ; and in dogs 7.5 c.c. per kilogram. The 50 per cent killing 
ilohO foi- eaeli .species as caleiilated bv'tlic method of Reed and JIucncli/ was 
e.e., 6.41 e.e., and 6.15 c.c. per kdogram or S4 per cent, 91 per cent, and 82 
her cent of tlie surely fatal dose for rats, rabbits, and dogs, respectively. 
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CHRONIC TOXICITY 


The CTiiiuilative effects of isopropyl alcohol in animals might be vefleeted in 
growth and body-weiglit clianges after imbibition of tlie aleoliol for prolonged 
Iieriods. Intermediate oxidation products or tlie aleoliol as such could be re- 
sponsible for tissue damage. For a study of the effects of chronic intoxication 
tlie procedure of voluntaiy drinking of i.soprojiyl alcohol by wliite rats was 
employed. 

Seven groups of five rats each of about 50 grams liody weight were placed 
in cages and given free access to Steenbach’s whole artificial diet.* Two groups, 
one ol males and another of females, were given water to drink and thus served 
as controls. The other groups were given 0,5 (males), 1.0 (females), 2.5 
(males), 5.0 (females), and 10.0 (males) per cent solutions of isopropyl alcohol 
in water. The rats were weighed weekly, the food weighed as often as nece.s.sary, 
and fluid intake was recorded daily. This regimen was maintained for twenty- 
seven weeks, and when the experiment was terminated, all survivors were sacri- 
ficed with the exception of three females from each of the control, 1.0 and 5 
per cent groups; the latter were used to study the effects of isopropyl alcohol on 
reproductive functions. Tissues from the sacrificed animals were submitted to 
Dr. !Mark E. !Maun of the Department of Pathology, for pathologic study. Tlie 
essential experimental data arc presented as curves in Pig. 1, and show daily 
changes in body weight, daily food consumption, daily intake of fluid, and daily 
dose of isopropyl alcohol for all rats from week to week except tJioso drinking 
10 per cent alcohol. 

The results were as follows: the rats whicli received 10 per cent isopropyl 
alcohol refused to drink this fluid and died in from .seven to twenty-eight da.vs; 
hence the results were discarded. Female rats drinking 1 per cent and 5 per 
cent alcohol remained well throughout the ob.servation period. In the 0.5 pei’ 
cent group one animal died during tlie fifth week, and a second rat succumbed 
the sixth week. In the 2.5 per cent group, deaths occurred in the eighth, 
twentieth, and twenty-second week. Whether these deaths were due to natural 
causes or to a greater susceptibility of the male rat to i.sopropyl alcohol could 
not be ascertained, as the rats were found dead unexpectedly, and extensive post- 
mortem changes precluded an accurate diagnosis by tlie jiathologist. 

tirowth and bod.v weight curves of the surviving males in each group 
showed .some retardation during the fiist thirteen weeks of observation, or about 
5 jior cent and 17 per cent, respectively. A definite gain was noted in the last 
fourteen weeks. Actually weights were 5.6 jier cent greater for the 0.5 per cent 
group and !).l per cent greater for the 2.5 per cent group than those of the con- 
trols at the end of twenty-.seven week.s. .Since it is known that isoj>ro]).vl alco- 
hol is burned in the body, the increa.sed caloric intake may, in jiart at lea.->f. 
account for these increases, [’’einale rats on 1 jier cent and 5 per cent alcohol 
showed some depre.ssion in growlli and body weight, which at the termination 
of the e.xperiment amounted to a 12 |»er cent loss in the tormer grouj) and a 10.4 
per cent lu.ss in the latter group. Food intake in all rats showetl that aiipctiti 
was not impaired, the ipiantity consumeil by the test anim.ils being c(iual to oi 


•Tiils ‘lirt cunUiiiifd t fccil tforu p.irt.s; Ihi.'.ccil nil 
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cake 

coil 


meal, 10 
liver ulk .*! 


aril. I 
ji.irts; liimi- 



LKHMAX ANb ClfASn: ISOriMIPYL MAOIIOI, 


aG.") 


fimiler than that of Mu* nnitroi anininN. Tln‘u* was a li'udcncy t'ov .i d(‘cn'a.st*<l 
fluid intake ns alcoholic concentrations increased, winch is to he attributed par- 
tially to the nnjialatability and partially to the <lepressanf action of tlie alcohol. 

The amounts of isoju-opyl alcohol injjesled wen (piitc lar;;e. tlu* daily in- 
take averagin^^ about Yu, Yu, and % of the oral, siuely fatal, dose in ascoud- 
iii;,' order of eoneenlration. (lareful notes were made <»n llie behavior of the 
alcoholized rats, but aside from the .slight reiardjiimn of urowtli and ])robable 
accidental death of some rats in the 0.5 per cent and 2 jier eenl <:nnips, no 



tiefinite manifestations of poisoniii!’ were observed, (iross am. mieias - 

^»niuations of the brain, pituitary, lun" heart, liver, sp ^ ’ 

^tdienals showed no evidence of gross or pathologic elianges. '\o ' ’ 

Ibeiefore, that retardation of growth and body weight lo.ss \\oie o*;**^^ nr<>an 
ologie effects ratlier than reflections of injury to some specific function o 


COJIPABATIVE TOXICITY 

. Corriilatiou o£ the toxicity of isopropyl and etliyl 

in vats, ralihits, and dogs. These were limited to tlie oral loute . 
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known indication Cor flic use of isopropyl alcoliol intravenously, and the more 
important aspoct.s are associated with jjastric ingestion. The 50 iier cent fatal 
dose was established for ethyl alcohol in fiCly rats, thirh’-five dogs, and sixteen 
rabbits; however, because of the similarity of the results of our experiments 
with those of Morris and Lightbody,* the more expansive data of the latter in- 
vestigators were utilized to ealeulate the M.L.D. 50 dose in rabbits. A summary 
is presented in Table III. 

Table III 

Comparative Toxicity of Isopropyl and Ethyl Alcohol According to Oral Administra- 
tion IN Rats, Rabbit.s, a.nd Dogs 


ANIMAL 

il.L.D. 50 IN 

C.C* per kilogram 

RATIO 

ISOPROPYL 

ETHYL 

ETHYL = 1.0 

Rat 

0.73 

12.90 

1.92 

Rabbit 

6.41 

10.22 ■ 

1.56 

Dog 

(i.I5 

12.25 

1.99 


The results are in agreement with those obtained by other investigators 
and indicate that isopropyl alcohol is approximately twice as toxic as ethyl 
alcohol. If this relationship holds for man, the surely fatal dose of isopropyl 
alcohol may be calculated from the data supplied by Jetter.^ He reported two 
confirmed deaths from acute alcoholism. Blood alcohol concentrations were 480 
mg. per 100 c.e. and 470 mg. per 100 c.c., and, according to Newman,® this rep- 
resented the rapid imbibition of about one and a hal f pints of whiskey. It fol- 
lows that approximately 166 c.e. of isopropyl alcohol could be a fatal dose for 
man. When the emetic action of the alcohol is taken into consideration, it is 
extremely doubtfid whether this quantity would be tolerated as a single dose. 
Furthermore, depression of the central nervous system, which appears with a 
dose considerably below the fatal dose as observed in animals, would limit in- 
gestion, and the combination of the emetic and depressant actions would defi- 
nitely lessen the probability of ingesting a fatal quantity. 

COMMENT 

Throughout the course of our experimental work the general effects of 
isopropyl alcohol folloived closely the sequence of toxic actions of ethyl alcohol. 
The actions of significant doses upon the central nervous system were depres- 
sion and later paralysis. Although nystagmus was repeatedly observed, other 
ocular symptoms such as impairment of vision as determined subjectively were 
not seen in the several hundred animals used. Salivation, retching, and vom- 
iting Avere someAvhat less frequent in the ethyl alcohol series of dogs than m 
the isopropyl alcohol series ; actually, an incidence of 48.3 per cent for the former 
and 60.7 per cent for the latter. Vomiting in the isopropjd alcohol series oc- 
curred at tAvo stages of intoxication; early, or Avithin five minutes after admin- 
istration of the alcohol and Avliich Avas undoubtedly due to distention and ii’- 
ritation, and later, after absorption had progressed to the coma state but Avith 
the corneal reflex still present. This delayed effect Avas attributed to a central 
action, since Ammiting Avas observed in tAVO dogs Avhieh reeeiA'ed intravenous 
toxic doses, and retching Avas a rather frequent occurrence. These observations 
do not differ from those of ethjd alcohol as reiiorted by NeAvman in liis revicAA 
already referred to. 
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LEHJIAN ANU CHASE: 

1 ‘*« suggested by Jlorris ;md LigliU^ocly Iiave not been 

0 ieryed. All of the fatalitios among the aniiiiaLs lo wiiich the alcohol was ud- 
inuiistered orally oeciirred tvitJiin twenty-four to tJiirty-six hours, and if any 
animal showed signs of recovery befoi-c this time intoi-va), complete return to 
noiinal insofar as appetite and behavior wci-c ('oHcmicd was assured. To test 
the matter furtlicr, two dogs were given one-half, and three dogs three-fourths, 
of tlie intravenous fatal dose and allowe<l t** recover, Within twenty-four 
houra no symptoms of intoxication were aiiparcnt and tlie animals remained 
^ The lathcr sliglit effects on growth and body weight in rats in chronic 
intoxication would also seem to rule against any (lehiyed toxic action. 

CONCLUSIONS 

1. Isopropyl alcohol, as determined in several species of animals after 
various routes of administration, is approximately twice as lethal a.s ethyl alco- 
hol. 

2. The continuous consumption of isopropyl alcohol in dosc.s of 0.75 to 5.28 
0 . 0 . per kilogram per day may eitlier augment gi-owth and body weight in rata 
or produce a slight decrease. 

3. Evidence of delayed toxic effects was not observed, and tho results of 
chronic into.xieatioii would seem to aigue against (lie production of a harmful 
intermediary metabolite. 

■i. Tiie effects of isopropyl alcohol in animals are similar to those of ethyl 
alcohol. Salivation, retching, and vomiting appear more frequently, but tlie 
general sequence of terminal symptoms proceeding to paralysis is similar to that 
elicited by ethyl alcoliol. 
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THE TREATj\[ENT. OF PNEUMOCOCCAL PNEUilONIA 
WITH SULFAMETHAZINE* 

PRELIillKARY ReRORT 


Elmer H. Loughlix, M.D., Richard H. Bexxett, M.U., axd 
Mary E. Flanagan, B.S., Brooklyn, N. Y. 


S ULFAjMETPIAZINE, 2- (4'-amiiiobenzene-sulfonyliUuino 4 ;6-cliniethylpjHmi- 
dine), ivas first used in the treatment of pneumonia by iMaeartney et ah, in 
Manchester, England^ Subsequently, Jennings,- also in England, reported 
the treatment of pneumonia witli this drug in infants and children. These 
workers found that sulfamethazine, as well as being therapeutically effective, 
caused very few toxic reactions. 

Rose, Martin, and Bevan* reported the results of studies on the chemical, 
pharmacologic, and therapeutic properties of sulfamethazine. Comparing 
sulfamethazine with sulfapyridine, they found that sulfamethazine, administered 
over a period of two weeks to albino rats, did not produce renal damage, while 
sulfapyridine, similarly administered, produced pathologic changes in the 
kidneys like those caused by sulfathiazolc. In human beings, despite the fact 
that high blood concentrations were obtained clinically, crystalluria and hema- 
turia never occurred. This was attributed to the fact that both sulfamethazine 
and acetyl sulfamethazine were highly soluble in Ph range of 5.5 to 8 (normal 


Ph range of urine). 

We reported recently* the results of a com])arative study on the treatment 
of Type I pneumococcal infections in albino rats in which sulfathiazole, sulfa- 
diazine, and sulfamethazine were used alone or in combination with Type I 


antipneumococeal serum. We found that sulfamethazine alone, and when eom- 
hined with serum, produced respectively higher survival rates than any of the 


other sulfonamides similarli- emploj’ed. 

It is the purpose of this paper to pi-escnt and analyze the results of treat 


mont with sulfamethazine in forty-eight cases of pneumococcal pneumonia. 

Plan of Study. — Hui-ing the thi-ee months period, from March 1 to IMa) 
31, 1943, forty-eight adult patients (over 15 years of age), with pneumocoeca 
pneumonia, were admitted to the medical services of the Long Island College an 
Kings County Hospitals in Brooklyn. In each of these cases, isolation o^ 
pneumococci from the sputum was accomplished, and together with a tync* 


♦From t]>L* Depaitnient of Internal Medicine, I^ne Island College of Medicine. 
Received for publication, Jan. 17. 1944. ^ 
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syiiiiitomatology, pli.vsioal and i-ountgaiiogi-aiiliic tiiidiiigs cstablislied tlie dia''- 
iiosis of inieumocoecal pnoumonia. Troatmoiit, liowaver. in no ease was delaytal 
until tlic causative organism was identified, hut was licgini as soon as tlic 
e.xistcnce of pneumonia had been elinically deteriimied 

The pneuinoeoeei were identified hy direct Xcifehl tMuiig which was con- 
firmed by the tyiiing of tlie peritoneal e.vudate troiii mice inoculated with the 
sputum. Cultures of the blood wjire made upon .nlmissioii to the hospital and 
were repeated daily during the febrile period Blond studies, including red and 
white blood cell eounts, hemoglobin, and ure.i nitrogen defermimitions were 
made at least every other day. Daily examiiiatiniis of the urine were made 
for the presence of crystals of .sulfamethazine and acetyl sulfamethazine. De- 
terminations of both free and total eoneeiilratioiis of siilfaiiiethazme in the 
eirenlating blood were made at daily intervals. 

AVERAGE FREE AND TOTAL BLOOD SULFAMETHAZINE LEVELS AND 
AVERAGE PERCENTAGE OF CONJUGATION IN 
PNEUMOCOCCAL PNEUMONIA 



o= free 
• = total 

o = % of conjugated drug 


Chait 1. 

Ooaage of Sulfmneihazine . — All the patients were driven an initial dose of 
grams orally followed by one gram every four hours day and night until 
‘e temperature was normal for approximately sixty hours. With this dosage, 
^ ‘^HUute l)lood levels were usually obtained. On the first two days of treatment, 
in the i)Iood averaged 8.76 mg. per 100 e.c. with extremes 
|1 16.0 mg. per 100 e.c. The average degree of eonjugation during the 

^■st .six-day period, on tin* last day of whieh 29 per cent of the patients were 
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represented, averaged 24.0 per cent, a peak of 25.7 per cent having been reached 
on the fourth day (Chart I), with extremes of 0 per cent and 55 per cent 
(Chart II). 

Analysis of Cases (Table I). — ^Nineteen types of pneumococci were found 
in the sputum or sputum and blood of these forty-eight cases. Type III pneu- 
monia, occurring in six eases, was the most frequently encountered. There were 
four cases each of Tj^pes II, VII, VIII, and “x,” and three each of I, V, and 
X^^III. Bacteremia occurred in 10, or 20.8 >per cent of the cases, there being 
two each of Types I and II, and one each of Types III, IV, V, IX, XII, and 
XIV. 

Antecedent diseases of significant degrees of severity were encountered in 
twenty-two cases (Table I). The ages of thirty-eight patients ranged between 
the fourth and seventh decades inclusively (Table II). The duration of illness 
and lobar distribution of the pneumonia are shown in Tables III and IV. 

FREE AND TOTAL BLOOD SULFAMETHAZINE LEVELS IN 48 CASES OF PNEUMOCOCCAL 

PNEUMONIA 



Results of Treatment (Table I). — ^All of the patients, except tliree in the 
sixth, seventh, and eighth decades respectively, recovered. Each of these three 
fatal eases had bacteremia and severe antecedent disease conditions to which 
apparently the pneumonia was a secondary and tenninal condition. One, a 75- 
year-old wliite man, ivith Type I pneumonic involvement of the right middle 
lobe, had generalized arteriosclerosis and uremia and had been ill for six days 
before institution of therapy. Another, a 59-year-old wliite man, with chronic 
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alcoholism and delinuiu lirmeiis^ and Tyjn* XII jJiuMimoiitn oi' tJio right middle* 
lobe, had been ill for two \\'t*eks j)rior lo admission The tJiird, a 65-year-old 
white man, with Type XIV pnevmionia of the right lower lobe, had been ill for 
two 'weeks before admission, and bad, in addition, arferioselerotie and hyper- 

Tadlk I 


Analysis op Cvsns 


TYPE 

' NO. 

U\c- ANTECEDENT 

TEREMIA DISEASES 

.vriONS 

TOXK’ 

nE-tCTlONS 

DEATH.'; 

I 

?, 

2 Hhouni. H.I>. 


Drug Keverd) 

J(i>) 

II 

■i 

2 Tul)erculosis 





Senility, Mnlnutrit. ' 






Arteriosclerosis 






Uremia ' 




in 

n 

I Chr. Leucemi.t 

S( 

Drug FcvcrlO 




Tuberculosis 






Diabetes AlcIIitus 




IV 

o 

1 




V 

' 3 

1 Tuberculosis 




VI 

0 

Bronchiectasis 

1 



vn 

i 

niieum. H.D.(2) 

St. EtIu«ion 1 



VIII 


Art. Scl. U. I). 




1 I 

Carcinouia 

St. EtYusJon<2> 


1 



DroncUicctasis 

1 



IX 


' Sv'philis 

I 



1 

I 

St. Effusion 



X 

1 2 

Tubeiculosis 


1 


XI 


Art. Scl. U. D. 




1 1 


[ 

1 

2<BJ 

XU 

1 0 

1 Chr, Ale; D.T. 





Art. Scl. H. D. 




xiv 

1 

Uremia 

1 Art. Scl., Hyper. H. D. 






Coug. Failure 




xvui 

XIX 


Pulmonary Edema 




3 

i 

Hypertension 




XXIV 

‘j 

I Chr. jVIc; PuIiu, TIw. 

jst EiTu^ion 



xxxri; 


Diabetes Alellitus 


1 


XXXIIll 






_ “x” 

4 

1 

1 




Total ; 
Per cent 

48 

1 10 

L’0.8 

1 

4.2 per cent 



Natality Rate: Gross 6.3 per cent. 

Corrected 0 per cenL 
natality Rate: Nonbacterenifc 0 per cent. 

Fatality Rate : Bacteremic; Gross 30 per cent. 

Corrected 0 per cent 

Table II 


AOB DiSTRlBUmOX OP PATIENTS 
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Tile gross fatality rate in tliis group of eases, of wiiicli 20.8 per cent iiad 
bacteremia, was 6.2 per cent; the corrected fatality rate was 0 per cent. 

Tlie only toxie effects noted were two instances of drug fever. There were 
no instances of erystalluria nor hematuria despite the fact that there were high 
concentrations of sulfamethazine in the blood. 

The members of the s’fxfCa of llu* hospitals named, notably Doctors Tasker Howard, 
George H. Roberts, Henry Wolfor, and Joseph O. Tcrrcrco. iurnutted us to treat patients on 
their services witJj sulfaniciliusine. 

Wc should like to ext'ross our appreciation to Dorf.u** Janet W'atson. Henry Chin, Ben- 
jamin C. Berliner. Julius Wolfe, Herbert Bermont, and Jatob Halpern for their clinical as- 
sistance, and to iii.«5s Helen S.agc for hci technical .assistance. In addition, we wish to thank 
Sidney M. Karlton for Ills cooperation throughout this 
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THE PATHOLOGIC CHANGES PEODUCED BY PEOLONGED ADMINIS- 
TEATION OF SULPAPYEAZINE AND SULFAMETHYLDIAZINE 
(SULFAiVIEEAZINE) IN THE KIDNEYS OP EABBITS 
AS COMPAEED WITH SULPATHIAZOLE 
AND SULFADIAZINE- 


Fritz T. Callomon, M.D., Philadelphia, Pa. 
With the Technical Assistance op 
Loeaine Groskin Linton, B.Sc. 


T he occurrence of severe damage of the kidneys after prolonged administra- 
tion of sulfonamides makes it necessary to subject this unwelcome symptom 
to special investigation. In many eases elinieal observation and autopsies have 
revealed the pathogenesis and the site of injury in the urinary organs observed 
after administration of the various sulfonamide compounds. In addition, ani- 
mal experimentation has given ample opportunity for comparing, at a given 
dosage schedule, the nephrotoxic effect of the compounds and for studying 
the pathologic tissue changes produced by prolonged drug administration. 

A great many of the sulfonamide derivatives now in common use and 
several new products have been tested in this respect.^’^" Judging from the 
literature, however, there exist differences of opinion concerning the following 
questions: (1) which derivative offers the highest chemotherapeutic activity 
associated with the highest possible security against kidney injury; (2) Avhicli 
doses and which period of daily administration are sufficient with the various 
derivatives to produce pathologic changes in the urinary organs; (3) which 
derivative has shown the greatest ability for the formation of gross concre- 
ments (uroliths) in the urinary passages? 

In particular, the occasional observation of renal complications associated 
with the clinical use of sulfathiazole and sulfadiazine, such as hematuria, uro- 
liths, suppression of the urinary output, stimulated the research for new de- 
rivatives of an equal therapeutic but a less nephrotoxic activity. For this 
reason especially, the para-isomer of sulfadiazine (sulfapyrazine) and both the 
dimethyl derivative of sulfadiazine (sulfamethazine, sulfamethylthiazole) and 
the monomethyl derivative (sulfamerazine, sulfamethyldiazine) were submitted 
to experimental investigation. 

In our experimental study we were concerned with determination of the 
extent and site of pathologic changes produced in the kidneys of rabbits by 
prolonged oral administration of sulfapyrazine and sulfamethyldiazine (sulfa- 
merazine) as compared with sulfathiazole and sulfadiazine. 

experimental 

Forty-eight rabbits of 1800 to 2100 grams of weight were divided into four 
groups of 12 animals each. Each group was treated with one of the four com- 
pounds. The compounds were administered orally in capsules twice a day for 

•Prom the Research Institute of Cutaneous Medicine, Philadelphia, Pa. 
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ten days in succession (20 doses). The doses were given at 10 a.m. and 3 p.m. 
All compounds were administered in 4 diffcreni doses as follows : 

p rabbits treated with sulfatliiazole 0 05 per 1000 Om. of body weight 
I. treated with sulfathiazole 0.1 per 1000 Gm of body weight 

3 rabbits treated with sulfatliiazole 0.2 per 1000 Gm. of body weight 
13 rabbits treated with sulfatliiazole 0 25 per 1000 Gm. of body weight 

1 3 rabbits treated with sulfamerazine 0 05 per 1000 Gm of body weight 
3 rabbits treated witli sulfamerazino 0 1 per 1000 Gm. of body weight 
3 rabbits treated witli sulfamerazino 0 2 per 1000 Gm. of body weight 
3 rabbits treated witii sulfamerazine 0 25 pei- 1000 ( iin. of body weight 

1 3 rabbits treat cd with sulfapyrnzine 0 05 j .cr 1000 Gm. of body Aveight 
3 rabbits treated witli sulfapyrazine 0 1 i>eT 1000 Gm. of body Aveight 
3 ralibits treated with sidfapyraziue 0 2 per 1000 Gm, of body Aveight 
3 rabbits treated with sulfapyrazine 0 25 p<*v 1000 (bn. of body Aveight 

{ 3 rabbits treated Avith sulfadiazine 0.05 per 1000 Gm. of body Avciglit 
3 rabbits treated witli .sulfadiazine 0.1 per 1000 Gm. of body weight 
3 rabliits treated w*ith sulfadiazine 0 2 per 1000 Gm. of body weight 
3 rabbits treated Avitb sulfadiazine 0 25 per 1000 Gm of body Aveight 

The weight of eaeli animal was recorded twice weekly. 

The urines Avere o.xamincd for blood and cry.stalurin during and after tlie 
period of drug administration. On the tenth da.A' after cessation of drug ad- 
inmiistration tlio survivors were sacrificed. Autopsies wei'e made on all rabbits 
which died during the experiment and on all sacrificed animals Specimens of 
the tissues were fixed in 10 per cent formalin solution and stained by hema- 
toxylin and eosin. In addition, delCossa’s calcium stain was used in several 
cases according to Rake and co-Avorkcr.sA Auto}ioI, Lehr, and co-workers,* etc., 
wlio used this method for tlie determination of calcifying nephrosis in kidneys 
of animals Avhieh Avere damaged by sulfonamides. 

Quantitative determinations of blood levels* Avere made in a separate series 
of rabbits receiving the chemical compounds under investigation in doses of 
0-05 and 0.1 Gm. per kilogram twice a day. The purpose of this comparative 
hlood level study Avas to obtain an idea of the speed of excretion of the various 
compounds during and after treatment. The bloods Avere taken immediately 
before the first drug administration (10 a.m.) on tlie day foUoAving tlie eighth 
^ose, and twenty-four liours after discontinuance of drug administration. 

Under the circumstances of this investigation sulfatliiazole showed the low- 
est blood levels, and sulfadiazine, sulfapyrazine, and sulfamerazine approxi- 
mately the same Ioav blood levels, only somcAvhat higher than sulfathiazole. 


RESULTS 

iJuruiaors. — At the end of the experiment, 30 of 48 rabbits survived as 

follows : 


8 surA’ivors of 12 rabbits after treatment Avith sulfathiazole. 

7 suiwivors of 12 rabbits after treatment Avith sulfadiazine. 

7 survivors of 12 rabbits after treatment AAuth sulfapyrazine. 

8 survivors of 12 rabbits after treatment AAUth sulfamerazine. 


suddHoJ* V® ^lood levels were determined and various chemical conipoutic^ In this invcstlffation 
Ulvis nn H courtesy of Doctor G. W. Raizlss of the Dermatoloslcal Res^rcli Laboratories. 

I-aboratories, NorOi Chicaffo, HI., which is acknowledged wIUi appreciaUon 
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All rabbits receiving doses of 0.05 or 0.1 Gm. per kilogram twice a day 
survived, remaining well, whatever compound was administered. At the dosage 
of 0.2 Gm. per kilogram twice a day none of the sulfadiazine rabbits survived, 
while one survivor was observed with sulfapyrazine, two with sulfathiazole, and 
two with sulfamerazine. The one of the two survivors given sulfamerazine 
showed extreme loss of weight, anorexia, weakness, and amotility at the end of 
the experiment. When doses of 0.25 per 1000 Gm. were given twice a day, none 
of the rabbits survived, except one of the sulfadiazine series. The deaths oc- 
curred from the fourth to the ninth day of drug administration except for one 
rabbit receiving sulfadiazine in dose of 0.2 per 1000 Gm., which died only four 
days after cessation of drug intake. The earliest deaths (on the fourth day of 
treatment) were observed with sulfadiazine (2 rabbits) and sulfamerazine 
(1 rabbit). 

All rabbits dying during or after treatment showed rapid decrease of 
body Aveight, which became most evident when impairment of the urinary 
output indicated that severe kidney damage had been produced. Urinary 
block, Avith anuria during the last 36 hours before death, Avas observed with 
tAvo rabbits of the sulfathiazole group and tAvo of the sulfamerazine group, 
each animal receiving 0.25 per 1000 Gm. of drug tAvice a day (10 to 14 doses). 
The tAvo animals of the sulfathiazole group shoAved amotility of the hind legs, 
tremor, and convulsions during the last 24 hours before death. Microscopic 
examination of specimens of the brains and spinal cords did not reveal patho- 
logic changes. Hematuria Avas observed only microscopically in several rab- 
bits of the various compound groups Avhen the lethal dosage of 0.25 per 1000 
Gm. twice a day had been used. 

Crystaluria . — ^During drug administration crystaluria Avas observed Avith all 
four compounds Avhen given for at least five to six days in doses of more than 
0.05 per 1000 Gm. In the centi-ifugates of urine specimens collected over 18 
to 20 hours significant crystal forms Avere seen Avhich Avere decidedly dilfercnt 
from all other czystals existing in the urines of normal rabbits. The number of 
these crystals apparently increased Avith higher doses of drug. After adminis- 
tration of sulfathiazole and sulfadiazine, Ave observed the characteristic crystals 
as described by Lehr and Antopol,^^ Prien and Frondel,^“ etc. After adminis- 
tration of sulfapyrazine, Ave found dark or muddy yelloAvish rhomboid-formed 
platelets, some of Avhich shoAved indented outlines and globular forms. After 
sulfamerazine treatment, Ave observed crystals similar to the “shocks of Avheat 
Avith eceentnc binding” described by Lehr and AntopoP'’ as crystals of acetyl- 
sulfadiazine. 

Appearance of Precipitate in Tissue. — ^The precipitated particles found in 
the tubules consisted of amorphous or crystalloid material. Using high-poAver 
magnification (oil immersion) Ave never observed obvious crystalline forms 
except in sections from one rabbit dying after eight doses of 0.25 per 1000 Gm. 
of sulfathiazole. In this case Ave saAv thin, glass-clear hexagonal platelets among 
amorphous masses of precipitate, the shape of Avhich resembled the form of 
acetyl-sulfathiazole crystals photographed by Lehr and Antopol.” 

AUTOPSIES 

The pathologic changes of the organs observed at autopsy Avere largely 
confined to the kidneys, spleen, and liver, Avhile the other organs generally 
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"r, r£:'v'f F* z:;z 

adniST' n* <«>-dav period of dn.n- 

lA, ciiliir-enieiit up lo hviee Iho norm., I sire Tlic color of these 

:::^: "ur' r 

(tested so, neH,/^ r legion eon- 

"■ays associoted K.xlrraie enlargement was al- 

Pwxiinai m',+ f o*' ''enal Pelvcs, and occasionally of the 

of two "I'elers. Pus was found in the dilated renal pelves 

on the fifti "i** ilotcs of 0 2 fim. of sulfadiazine per kilo, the one dying 

clni*> T 1 the other four days iifter discontmuaiiee of the 

iintrMrtF] ' * animals hcmoiTliages wore seen macro.scopically in the medullar 
the reti particles of conoremonts were adherent to the walls of 

were fon concrements (uroliths) up to the size of a cherry stone 

iiicrnrm! ‘ ‘■“'I'lits receiving sulfa- 

iiicnt " T dai’ing treat- 

renal I’lcse c.'ises I he concrements were large enough to obstruct the 

rahhit particles obstriiclcd the mouth of one ureter also. In one 

foiind ’^*'?'' ^*^*'** sidfamcrazino, small blood clots were 

of sulf"^ . * ■‘"■‘1° “"‘i survivors given doses of 0.2 Gm. 

the per kilo, when sacrificed, showed obstructing uroliths, wiiile 

sulf° survivor did not cxliibit cxtrarcnal concretion. In each of the five 
rabbits wliich liad stones in the renal pelves, gross particles of 
rhag"*^ "'ere found embedded in the renal parenchyma also, with hemor- 
obseF tissue destruetion around the foreign substance. This was also 
.,£1 ’ although to a smaller extent, in the kidney of one rabbit dying 

cases ^ ^ sulfadiazine per kilo twice a day. Obviously in these 

Parts' F yuiscl and co-worker.si described in dogs receiving sulfadiazine. 

Walls ° U'fcatnbular concretion had broken through tlie necrotic tubular 
the penetrate the surrounding organ tissue. Fig. 1 demonstrates 

aiera^''^*" appearance of one kidney of a rabbit ■which received sulfa- 

Pig o"*i seventh day (after 12 doses of 0.25 Gm. per kilo), 

acyst"] form and size of the uroliths. The chemical analysis of 

the u* *u tile kidneys of tliis rabbit and also the concretions found in 

The *^^®“^used the presence of the free and conjugated sulfamerazine. 

conjugated material was several times larger than tlie free sulfamerazine. 

Conor ^ ®uine dosage of sulfapyraziue and sulfathiazole we found no gross 
cments (uroliths) in the renal pelves or ureters. 
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In several survivors given the lower doses of 0.05 or 0.1 Gni. of drug per 
kilo, permanent dilatation of the renal pelves and the proximal part of the 
ureters, but with no concrements present, was observed at the end of the 
experiment. This occurred in survivors of both the sulfathiazole and the 
sulfadiazine group, but in none of the rabbits surviving after sulfapjrrazine 
administration in equal doses. 



Fig. 2. 

The bladders of all animals dying during treatment were examined. Oul.v 
small amounts of urine were present or else the bladders were empty. Only in 
one of the sulfamerazine rabbits given 0.25 Gm. per kilo tmee a day, some par- 
ticles of concrements were found in the bladder; the urine present contained 
red blood cells. 

Frequently marked differences were observed in the extent of injury o 
the two kidneys. While the one kidney at times showed severe change, the 
other showed only slight or moderate change. 
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fm Ti’ ^ Inslicr doses, namely 0.2 01 * 0 25 

O n. per ki o, el.angcs m size, color, and consistency were observed frequently 
\\hen nivolved. the splecs were enlarged an.l I.vperenuc. Extremely smaH 
spleen., were found in two rabbits, the one .,n,-viving sulfadiazine doses of 
- " sulfainerazinc doses of 0 2 (iin per kilo. Tlie livers, when 

nivolved. were enlarged, of a ycllowi.sh color, and of soft and fragile consistency. 

illCKO.SCOl'I<- 

Aidneys.— The jiathologie Iksue changes produced in the kidneys of laho- 
ra oiy animals by iirolongcd .sulfonamide adiiiniEs!r.ition picsent a eharacter- 
islic ^appearance. Detailed de.scription.s have been imbhshcd in the litera- 
ure. Coire&ponding to the varyins: do.saec. and in varying degree with 
le our compounds, we were able to observe tiu* gradual development of the 
jeiia injury. The first evidonec of injury was revealed in the cells of the 
mmg epithelium of the convoluted tuhules. the ualls of which were exposed 
0 tlie pressure of insoluble precipitate irritating and finally damaging the 
L'pi le lal cells.^ In the afilieted tubules these cells appeared cloudy, swollen, 
granu ar or with small irregular vacuoles, the outline indistinct, the nuclei 
y pale, partly fragmented; eventually the absence of the nuclei was 
encountered in many areas. Because of the accumulation of precipitate, the 
u u es were dilated, occasionally extremely dilated. Cellular and albuminous 
Cass were seen in many tubules which had completely lo.st their epithelial 
debris and precipitate partiele.s were found free in the tubules. 

^ convoluted tubules were injured; to a small extent also, Henle's 
u )u es were at times involved, widle the collecting tubules appeared either 
uii ainaged or only slightly affected, showing some cloudy swollen cells with 
j! *®^**^^t outlines. Obvious lesions of the tubules usually were associated with 
station of the glomeinlar spaces wliich sometime.s contained a few precipitate 
particles. In rabbits which died after doses of 0.25 per 1000 Gm. of drug, we 
tOund extreme capsular dilatation, some glomeruli filling only a fifth or less of 
* space. Heinorrliages were found in the renal tissue of tliose animals in par- 
icuar in eases wiiere insoluble concretion Iiad broken through the destroyed 
m ar walls, producing focal parenchymatous degeneration. In kidneys of 
la its which died after tiie first five days of drug intake, leucocytic infiltration 
''as found to a varying extent around the damaged tubules. 

In sections of rabbits which died during treatment extremely dilated 
u es were found with no precipitate present. Obviously the crystalline 
aasses had been partly removed by excretion before death; on the other hand, 
some preeipitate may have been washed out during fixation of the specimens. 

0 refer to the detailed descriptions by Rake et al.* in mice, Sobin et al.® 

•a rats. 

Our results summarized in Tables I and II refer to the extent, site, and 
pathologic changes which we observed in our sections. In every 
Ihe^d ^'^^'loys were examined microscopically. Tlie symbols used indicate 
egree of damage in the tissue obsem’^ed with the various dosages of drug, 
j 1 tables it will be observed that severe changes were found in all 

Its dying after the usually lethal dosage of 0.25 Gm. per kilo twice a day. 
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Table 1 


Pathologic Tissue Changes op the Kidneys After Prolonged Administration op Sdlpa- 

PYEAZINE AND SULPAMETHY-LDIAZINE (SULPAMERAZINE) AS COMPARED 

With Solpathiazole and Sulp.hmazine 
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0 indicates: no gross or microscopical changes from the normal. 

+ indicates : dilatation of collecting tubules limited to small areas, with scarce foci of 
epithelial necrosis, occasionally with small amounts of precipitate free in the tubules. 

+ + considerable dilatation of convoluted and collecting tubules with focal necrosis of 
the lining epithelium, precipitate accumulated in the tubules, and cellular casts, some hemorr- 
hages; in some areas dilatation of glomerular spaces. 

+ + + indicates : extreme dilatation of the glomerular spaces and of the convoluted and 
collecting tubules showing extensive epithelial necrosis, immense amounts of precipitate or 
gross concrements (uroliths), hemorrhages, occasional leucocytic infiltration around the 
afflicted tubules, and presence of numerous albuminous and cellular casts. 


Table II 
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siilfamerazine producing the highest injury. Marked differences concernimr 

per Hirhad°r'’"“"‘’" dosage of 0.2 Gm 

ol vii ? «■“ ^Plfathiazole group eNhibffed 

Mously less tissue damage tl.an did llie other compound groups and the 
of Sroup le.ss tlian did sulfanierazinc and .sulfadiazine. After use 

«e rnir; ro?s"- 

0 onfthel , for an occasional focus 

it Ins to be . 1 T « f<^" oonvolnted tubules. Finally, 

1 ^o o •">*>' SUP' Ivors of the sulfathiazole groun 

thellid rf th^"'' "" V'enge was revealed at 

of bn h tl »be other survivor of this group and one survivor 

onlv si tie corresponding sulfapyrazinc and snlfamerazine groups exhibited 

sjignt patliolojjic eliniige. 

Povcaled by deKo.s.sa’s slain in the kidneys of all 
ab uts receiving- drug in doses of 0.2 or 0 2,'. Itm per kilo for at least seven 
2r!f "''served the beginning of raleiuni deposit upon 

orotic parts of the tubular epilheliiini or around cell doliris and precipitate 
1 e es free in the tubules. Howevei-, after admiiiistranoii of sulfathiazole, 
flip sulfadiazine, only slight ealeiuni deposits were found in 

coi leal region. ^iMore advanced ealcificalion became evident only in 
.pecimens of two rabbits receiving doses of 0.2 Gm. of sulfamerazine per kilo, 
oiie Jing after seven days of drui; intake, the other when sacrificed. 
i,pleen and iircr.— AVhen doses of 0.05 or 0 1 Gm. per kilo tmee a day 
e used, no patliologie changes were observed with any of our compounds. At 
G osages of 0.2 or 0.25 Gm. per kilo damage was observed with all compounds, 
en involved, the spZccas showed marked clianges limited to the Malpighian 
jrpuseles with considerable to extreme reduction of the lymphocytes of the 
an e zone and hyperplasia or, in some areas, complete disappearance of the 
geiniinal centers. Complete reduction of the lympliocytcs of the mantle and mar- 
gina zones, with notliing roinaiiiiug but collapsed stroma and a few pyknotic 
lOnn spleens of rabbits wdiicii died at the dosage of 0.25 per 

Gm. of the four drugs, and in two rabbits given 0.2 per 1000 Gm. of drug 
'^ce a day, the one belonging to the sulfapyrazine, the other to the sulfa- 
merazine group. 

b'rcrs, when involved, showed vacuolization or complete degeneration 
cell d^ P^mpheral liver cells of some lobules. Tlie greatest development of liver 
. ^J^mage was found in cases where obstruction of the renal passages had ini- 
ired the excretory function. Severe changes in spleen and liver obviously 
erresponded to the degree of kidney injury. 

DISCUSSION 

to ^nephrotoxic properties of sulfonamide derivatives are due principally 
a mechanical effect of the insoluble drug precipitate which irritates and 
a y destroys the lining epithelium of the tubules by pressure necrosis, and 
nmu taneously obstructs the renal passages.®- Tlie increase in precipitate 
, — which cannot be excreted as rapidly as formed in the convoluted tubules 

exclude the possibility that after chronic administration of gencr- 
the nar-ftS^v ‘^6 mechanical injury may be associated sometimes with a direct toxic effect 
i-irencnyma of the kidneys. 
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suppresses the urinary output and, as a result, may cause urinary block. This 
fatal symptom is most common when gross uroliths have been formed in the 
renal pelves barring the urinary passage. In this respect the varying solubility 
of the drugs and their acetylated products is of great importance. For in- 
stance, poor solubility combined -with slow excretion is a factor which can 
favor the formation of gross concrements (uroliths). 

For this reason, one can expect with justification that rabbits, which have 
a great ability to acetylate sulfonamide derivatives, will be more apt to have 
gross concrements in the kidneys after prolonged administration of sulfon- 
amides, Avhich form extremely insoluble acetylated products. Insofar as the 
relationship between precipitation and solubility is concerned, fewer gross 
concrements (uroliths) are to be expected in rabbits after prolonged admin- 
istration of sulfonamide derivatives, which have acetylated products that are 
more soluble. 


As reported by Hamburger, Rueggsegger, et al.^" on sulfapyrazine and 
sulfadiazine, and by Welch, Mattis, et al.“' on sulfadiazine and sulfamethyl- 
diazine (sulfamerazine), the acetylated derivatives of these compounds proved 
to be more soluble than the unacetylated drug ; and, as to sulfamerazine, both 
sulfamerazine and its acetylated products proved to be somewhat more soluble 
than the respective sulfadiazine (in urine at a pH of 7 or less) ; furthermore, 
the degree of acetylation was the same with sulfamerazine as it was with 
sulfadiazine.®^'^® Prom their experience with animals and human beings and 
their results in comparative blood level studies, Welch and his group concluded 
that sulfamerazine is more rapidly and more completely absorbed from the 
gastrointestinal tract and yet more slowly eliminated by the kidneys than is 
sulfadiazine at equal dosage. Despite their observation that the blood reach- 
ing the kidney was very much lower in its sulfadiazine content than it was in 
sulfamerazine content, these authors observed that more sulfadiazine than sul- 
famerazine was excreted in the urine during the first twenty-four hours. These 
investigators used various species of laboratory animals in their experiments, 
i.e., mice, rats, chickens, dogs, and monkeys. In our comparative study on 
kidney damage following prolonged drug administration, we used rabbits only. 
Under the conditions of our experiment ive observed that, insofar as renal 


precipitation is related to solubility, sulfamerazine apparently is able to pro- 
duce more Iddney damage in rabbits than do sulfadiazine, sulfapyrazine, and 
sulfathiazole at equal dosage, because of the great ability of sulfamethyldiazine 
to form intrarenal and extrarenal concrements in rabbit kidneys. This was 


observed with five of six rabbits given 0.2 or 0.25 Glm. of sulfamerazine per 
kilo twice a day, in comparison with two of six rabbits which were given 
sulfadiazine in equal doses. The two rabbits of the sulfadiazine series showed 
only a few small particles of concretion in the renal pelves. Neither with 
sulfapyrazine nor with sulfathiazole did we observe the formation of uroliths 
deposited in the renal pelves of rabbits. 

In evaluatincr the extent and degree of the kidney injury observed under 
the conditions of our experiment we had to consider not only the site and 
extent of or-an changes found in rabbits which died during drug administra- 
hut also the permanent tissue change observed in the sacrificed survivors, 
’when we sacrificed the rabbits on the tenth day afteq - -g the last 
dose of 0.05 or 0.1 Gm. per kilogram of drug, we found ; ^ .. < -g path- 
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ologic cliange in the Jcidneys except for an occasional focus of tubular epi- 
thelial necrosis. When doses of 0.2 Gin. per kilogram wei’e used, sulfathiazole 
apparently caused less tissue changes in the kidneys of the surviving' animals 
than did the other compounds. The one .survivoi’ rceeiving doses of 0.2 Gm. 
of sulfapyrazine per kilo and the one of tin- two surviv'ors treated with equal 
doses of sulfamerazine sliowed lasting kidney damage of only a small degree, 
while the otiier sulfamerazine survivor exhibited .severe kidney damage, as we 
described. At equal dosage, there were no .sur\j\oj's in the corresponding 
sulfadiazine group. Surprisingly, one ralibtt ie<'oiving the highest dosage of 
sulfadiazine, namely 0.25 Gm. per kilo, sni-.ivcd. .shiiwing only a moderate 
extent of tissue change; this was the only oiu ot all rnlibits used for our e.x- 
periment which survived the ten-day admiTii>t:'atioii of 0.25 Gm. of drug per 
kilogram twice a day. 

The deiiosit of calcium, as revealed b\ deKossa'.s caleium stain, cannot be 
considered as specific for sulfonamide injury, luit only us a "general response 
of the kidneys to injury’' (Sobiii and eo-ucM-kHiV). The demonstration of 
caicilieation, however, lias been generally aeknowiedged as an index of per- 
manent tissue damage insofar a.s calcium deposit usually corresponds to the 
extent and site of necrotic cell sulistaiice or other foreign material existing in 
the organ tissue. 

The presence of sulfonamide crystals, whicli we found in the urines of our 
rabbits during drug administration, did not give any indication of injury as 
long as the output of urine appeared normal and the urine did not sliow blood 
content niaeroscopieally or microscopically. 

TJie pathologic changes oliscrved in spleen and liver generally corresponded 
to the degree of impairment of the renal function. The accumulation of toxic 
amounts of drug in the blood and liver may be responsible for the pathologic 
tissue changes observed particularly in the livers. 

For this comparative study w'e considered only the neplirotoxic effect after 
prolonged drug admuiistratioii as the basis for evaluation of the compounds. 
Since the number of animals used for our investigation was limited to three 
[■abbits for each dosage, we do not feel justified in basing conclusions concern- 
ing the toxicity on the number of suiwivors. 

CONCLUSIONS 

Under the conditions of our experiment, sulfapyraziiie and sulfamethyl- 
diazine (sulfamerazine), when given in doses of not more than 0.05 or 0.1 Gm. 
per kilogram twice a day for ten days in succession (20 doses), did not pro- 
duce marked tissue damage in the kidneys of rabbits, except for an occasional 
^ocus of tubular epithelial necrosis in a few areas. Tlie same results were 
obtained with sulfathiazole and sulfadiazine. All rabbits in our experiments 
I'eceiving doses of 0.05 or 0.1 Gm. per kilogram survived. 

When doses of 0.2 or 0.25 Gm. per kilogram were given, all compounds 
showed nephrotoxic effect in varying degrees. 

Sulfathiazole in dosage of 0.2 Gm. per kilogram produced a lesser degree 
^nd lesser extent of kidney damage than did the other compounds. Sulfa- 
Pyrazine produced less kidney damage than did sulfadiazine or sulfamerazine. 
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CONTROL MEASURES 

Progress in therapy was judged by the clinical response ; namely, an abate- 
ment of the headache, a fall in temperature, freedom from nausea and vomit- 
ing, and lessening of the neck rigidity. The blood sulfadiazine level was used as 
an index of the intensity of therapy. No effort was made to maintain a fixed 
level as it was found that neither the exact height nor constancy of the level 
run parallel with clinical improvement or bacteriostatic response. 

Patients severely ill often showed as marked a clinical improvement and 
bacteriostatic response when the sulfadiazine level was maintained at 5 mg. per 
100 c.c. as at 15 mg. per 100 c.e. This is illustrated by Table II, in which, with 
a blood sulfadiazine level of 7.05 during the second twenty-four-hour period 
of the disease, the spinal fluid smears and cultures were negative and the clinical 
signs disappeared or regressed. This is further emphasized by Table I which 
represents the sulfadiazine level at the end of the first twenty-four-hour period 
in 4 patients who ran a parallel course, and who showed about the same clinical 
improvement and bacteriostatic response. 


Table I 

Variations in the Blood Sdlfadlvzinb Levels in Patients Showing About the Saiie 
Clinical Improvement and Bacteriostatic Response 


NAME 

GR.\MS sulfadiazine 
first 24 HOURS 

SULFADIAZINE BLOOD LEVEL 

AFTER FIRST 24 HOURS 

R. S. 

11.0 

S.4 mg. per 100 c.c. 

0. C. 

11.0 

20.9 mg. per 100 c.c. 

J. M. 

11.0 

10.0 mg. per 100 c.c. 

C. B. 

11.0 

2.5 mg. per 100 c.e. 


Sulfadiazine blood level determinations were done every other day, or 
oftener, depending upon the severity of the cases. 


Table II 


Findings in One Patient Which May Be Taken as Representative of the Group 


S 
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W.B. C. 
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Lymphocytes per cent 
Smear 
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Sugar in mg. per 100 
Sulfadiazine level in 


per 100 c.c. 


c.c.| 

mg. 


cJ tr. 

S.=? 

geo 


Headache 
Neck stiffness 
Rash 

Kernig’s sign 



Total amount of sulfadi- 
azine given in each 24- 
hour period 

1 Grand' total in the three 
24-hour periods 
Sulfadiazine level in mg.; 
per iOO c.c. 


ADMISSION 

FIRST 24'HR. i 
PERIOD 

SECOND 24- 
HR. PERIOD 

I'UIRD 24-hr. 
PERIOD 

Cloudy 

Turbid 

Opalescent 

Clear 

5250 

4710 

1010 

452 

67 

91 

94 

15 

33 

9 

0 

85 

4- 

+ 

0 

0 


0 

0 

0 

Trace 

33.0 

37.0 

50 

0 

4.4 

0.0 

12.7 

-1-1 + 

1 i 

0 

0 

4- 

-h 

+ 

0 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

7 Gm. 

6 Gm. 

6 Gm. 




19 Gm. 


S.S 

7.50 

15.0 
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Spinal punctures were done every twenty-four liours in some of our pa- 
f f iutci-est to determine the effects of tlicrnpy. T)ie record 

of tlie findings in one of our patients, as sliown in Table 11, is representative of 
the group. 

The fluid intake and output were measured caeli day. Urinalyses were 
done eyciy other day witii an eye to the pn-senee of albumin, red blood cells, 
an su fadiazinc ciystals. A wliitc blood count and Iiemoglobiii determination 
were made every other day, as an index of a toxic effect on (lie bone marrow. 

Any tendency to neutropenia or impaired l:i<Incy function was met by a 
reduction in the dosage of the drug and by veitoflysis 


DRUG CO-MPLIU VTIONS 

Two of our patients had hematuria and some nilrogfii letonlion. One of 
lese patients also had an oliguria. Another patient deu-Ioped dnm fever. In 
one 0 oui fulminating eases, whore the blood sulfadiazine level was pushed to 
- mg. per 100 o.c., tlie urinary output dropped lo -JoO e e during the twenty- 
oiu-iour period preceding liis death, during wliieli period lie liad received 2500 
c.e. of isotonic salt solution parenterally. On the day preceding, his urinary 
output was 1450 c.c. with a total fluid intake of 4000 c.e. There were some 
ainorplious deposits in the Ifladder, ui'cter.s*, and kidneys, and a blocking of some 
of the tubules. 


smnr.iRv .\ND coNCLr.sio.\'s 

Of tlie 41 patients observed witli a meningococcus infection, 33 Jiad pus cells 
and organisms in the spinal fluid; 2 witli a positive Iilood culture liad pus cells, 
ut no organisms in tlie spinal fluid; and 6 had a completely negative spinal 
“tfld, but a positive blood culture. 

The presence of licadaclie, weakness and instability, vomiting, stiffness of 
^ e neck and a skin eruption were the five earliest signs present and ^vore con- 
sidered to be evidence presumptive of tlie presence of meningococcus infec- 
tion, The presence of headache with anj' two of tlie other findings was con- 
sidered an indication for spinal puncture. 

Treatment was started immediately after spinal puncture without await- 
ing laboratory reports. Progress was determined by clinical response. In the 
nianagemeut of these cases limited dependence was placed on the blood sulfa- 
diazine level. 

The mortality rate for the entire series was 5 per cent. 



THE ASSOCIATION OP ACUTE INTEKSTITIAL PANCREATITIS AVITH 
ACUTE PNEUJIOCOCCIC MURAL ENDOCARDITIS* 


Abraham Trasofp, ADD.,! and David R. Meranze, B.S., JI.D.i 
Philadelphia, Pa. 


T he coexistence of two clinical entities is not uncommon, but where the clin- 
ical and pathologic entities are of unusual occurrence and very difficult of 
diagnosis, such a case, we feel, merits recording. It is with this view in mind 
that Ave Avish to report the folloAving ease : 

AI. B., 47, liousemfe, was admitted to iledieal Service 2 at the Mount Sinai Hospital 
on the 6fth of July, 193S, with the following history. On the ISth of June she was seized 
Avith severe abdominal pain centering in the epigastrium, radiating to both hypoehondrial 
regions, and associated Avith nau.«ea, vomiting, and fever. She Avas sent to the Philadelphia 
General Hospital Avhere she Avas studied for a period of ten days. Studies there revealed 
a leueopenia on three blood examinations, sterile blood culture, and normal blood chemistry 
findings. Tavo roentgenograms suggested a pneumonic lesion on tlie right side. X-ray of the 
gastrointestinal tract was negative. No definite diagnosis Avas established. The symptoms 
persisted. She insisted on being transferred to the Alount Sinai Hospital where she had 
been treated for a pleuropneumonia of the right lung five years previously. 

On admission, she appeared very ill, pale, restless, someAvhat dyspneic, and markedly 
dehydrated. There Avas eA-idence of an acute upper respiratory infection, harsh and prolonged 
e.x'pirations Avere heard, and impaired resonance AAitli showers of crackling r&les Avere detected 
over the right loAver lobe. The heart Avas rapid but presented no other abnormalities. The 
abdomen Avas distended, tender, and tympanitic. Peristalsis was audible. Vomiting Avas one 
of the most annoying of her symptoms. Blood pressures AAere 120/S5; temperature, 101" F.; 
pulse, 110; respirations, 36. Because of the predominance of the abdominal symptoms and 
signs, a provisional diagnosis of an “acute abdomen,” most likelj’ pancreatitis complicated 
bj' pneumonitis, was made. She was given fluids and electrolytes by hypodermoclysis and 
studies Avere undertaken. 

The hemogram revealed a hemoglobin of 60 per cent (Sahli), 8.7 Gm. ; red blood cells, 
3,500,000; white blood cells, 11,200, of Avliich 84 per cent were polymorphonuclear neutrophiles 
and of AA’hich 47 per cent Avere young forms. Blood platelets numbered 240,000. Blood 
cultures AA'ere sterile. Blood urea nitrogen was 13 mg.; blood cholesterol, 1S2 mg.; blood 
sugar, 145 mg. per 100 c.c. of blood; urinary diastase present in dilution, 1:80; serum lipase 
reading Avas 0.85 c.c., icteric index, 8.4 units; urea clearance, 58 per cent. The lirine showed 
a trace of protein. Serology Avas negative. The sputum contained no pneumococci. Staphylo- 
cocci and nonliemolytic streptococci AA'ere present. X-ray of the chest was negative. 

AVitliin a feAv days the abdominal symptoms subsided and the patient felt much better. 
HoAvever, Avitliin three days, toxicity again became manifest; pyrexia assumed a high level, 
AA'ith pulse and respirations in proportion. AVithin ten days a palpable mass Avas felt in the 
left hypochondrium. Tliis Avas considered to be an enlarged spleen, altliough the possibility 
of an enlarged kidney aass also considered. This enlargement occurred after a blood trans 
fusion. The blood picture remained the same. The possibilities of typhoid, submibary 
tuberculosis, and brucellosis Avere considered. Agglutination tests of the blood, unne, 

♦From the Departments of Medicine and Laboratories of the Mount Sinai Hospital. 
Philadelphia, Pa. 

Received for publication. Nov. 19, 1943. 
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and feces examinations suggested no specific dJagno.!^. Inlraicnous urography repealed a 
Donnally sized and placed kidney with a suggestion of dilatation of the calicos in the right 
kidney. X-rny of tlio lungs revealed conge.sliori hut no eous-olidation. The hemograms on 
7/19/38, a day before death, rc\ealcd a Icucoe>to:3i-« of 20,10tt witli yo per cent polymorphonu- 
clear neutrophiles, of which 82 per cent were iegniemc<I. Tin blood uiea nitrogen at tliat 
1 j mg. per 100 c.c. of blood. In spite of transfusion am] general care the toxicity 
conUnued. Her temporafurc reached lOo* to ]nd» p" .s.gns of menmgpjl irritation appeared 
as manifested by nuchal rigidity. She died on 7/2o/.'J'* h«-f'ore a ••piijnl puncture could be 
done, fifteen days after adnu>sion. 



Pljr. 1.— Heart showlnff mural thrombus. (Section taken through site of thrombus ) 

Pathologically the underlying finding at autopsy uas a pneumocoeeic Typo III septi- 
cemia. Abscesses from which this organism was isolated were present in the lungs, heart, 
spleen, kidney, liver, and perirenal fat tissue. In addition to tliese findings, three totally 
unexpected changes were observed at autopsy, the gro'-s pathologic findings in the spleen 
nnd heart and tlio microscopic findings in the pancreas. During life, as already stated, a 
mass was palpated in the left upper quadrant. This proved at autopsy to bo a spleen roughly 
three times normal size, whose surface was covered with fibrinous e.xudate. The enlargement 
nf the organ was largely duo to the replacement of the midportion of the spleen by a large 
carity filled with broken-down splenic tmsuc and blood. The lining of this pseudocyst was 
^t>ged and histologically consisted of broken-down ‘.picnic tissue. Sever.il of the branches 
of the splenic artery were thrombosed. In the absence of a moie satisfactory explanation, 
believe that these splenic changes were caused either by the rupiuie of an intrasplenic 
'^'cssel or by hemorrhagic liquefaction of an area of early infarction. 

The most unexpected finding was tho presence of a mural thrombus involving tJic left 
auricle, slightly beyond the line of attachment of the posterior mitral leaflet (Fig. 1). The 
'^gelation covered about 1.5 era. of tho auricular wall It was raised but flat and overlay 
an auricular wall honeycombed throughout almost its entire thielaiess by a suppurative 
process. The mitral val%e leaflets themselves weic moderately thickened but not deformed. 
Histologically there were no evidences of an acthc inlJammatory process in the ^alve leaflets, 
ke pathogenesis of this vegetative process becomes a matter for pathologic speculation. The 
^urt muscle showed histologically an active acute diffuse and focal suppurative process. It 
•8 probable that the suppurative process in the region of the thrombus had destrojed surface 
®^yocardial cells and provided the setting for tlie thrombus. 


592 


THE JOURNAL OF LABORATORY AND CLINICAIj MEDICINE 


The tliird unexpected finding was the presence of pancreatic changes. The pancreas 
shows diffuse edema (Fig. 2). In many regions there was also small focal infiltration, and in 
other areas more diffuse infiltration with polymorphonuclear cells and lymphocytes (Fig. 3). 
In some areas the infiltration was predominantly lymphocytes. In still other such regions 
fibrous tissue cells were present in increased numbers. 

In addition, the lungs presented multiple abscesses, one large abscess in the, left up- 
per lobe and in some areas an unresolved pneumonic process. The kidneys showed widespread 
suppuration. The brain showed a diffuse suppurative meningitis, particularly marked in 
the basal regions. The cerebrospinal fluid was turbid and contained iioceuli. A pneumo- 
coccus Type III was obtained on culture of the meningeal exudate. 



Fig. 2. — Pancreas — diffuse edema. XIOO. 


DISCUSSION 

The incidence of acute pneuinococcic endocarditis as reported in the litera- 
ture varies from 0.06 to 2 per cent. Euegsegger" reports an incidence of 2.9 per 
cent of endocarditis in her series of acute pneumococcic infections. 

Pneumoeoccic endocarditis may complicate pneumonia at any stage of the 
illness or days or weeks after an apparently uneventful convalescence. She o 
T?ue°'se"ger’s patients were afebrile from two to seven days when t e com- 
plication manifested itself by sudden chUls and fever. It differs from subacute 
bacterial endocarditis in the following ways: 

1. It affects older age groups. ' ' . ' 

2. It may involve a perfectly normal endocardin ' 
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in ^ -nnn^ puTuIoDt 

4. Purulent meningitis is a frc.inent complieation 
fiveweeU !»-» "'itlun four or 





Fig, 3 _p 

ancreaa diffuse inflltratlon wilh polymorphonuclear white blood cells. X400. 

‘i>e valt^ui* i'nn i^nen reported, but it is much less common than 

*^ese til Riiegsegger’s scries only three were noted and even in 

fjacterial extended from tiie valves onto tiie mural endocardium. Acute 

septicem’ is a part of an overwiiclining general infection, so that the 

^vhei’e th^ ^''^^sJiadows the endocardial manifestation. This is particularly so 
post nior^em^^ in type. Hence the diagnosis is usually made at 

enti^^^T or acute edematous pancreatitis is a definite clinical 

f>ntr«».* ’ ^ ^ milder course than that of acute pancreatic necrosis and re- 

^veries are the rule. 

iflg description of the histologic picture of this disease is worth quot- 

(polvm ^ “The striking finding was the mar]:ed infiltration of acute 

lobul inflammatory cells into the interstitial ti-ssue between 

jjj,, oT aoiiii, often witli evidence of edema as shown by the ontpour- 

o 0 uid. ’ In another publication^ two ycara later he expresses the same 
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opinion. Cole’s^ description of this condition coincides with that of Elman. The 
pathologic findings justify our clinical diagnosis in this ease. One may ask 
whether the pancreatic lesion is not part of the generalized infection. It seems 
to us that the nature of the pathologic process in the pancreas, i.e., the absence 
of any gross suppurative process, ivould probably speak against such a possi- 
bility. 

If one is justified in speculation, and one is frec[uently compelled to specu- 
late in clinical medicine, there is a strong possibility that the acute pancreatitis 
was the initial pathologic lesion. The suddenness of the onset with predom- 
inantly abdominal symptoms and the abdominal signs are typical of acute pan- 
creatitis. AVhile it is true that pneumonia may be ushered in with abdominal 
signs, the severity and persistence for almost two weeks would rather speak 
against such a possibility. It is logical to consider that the lowered resistance 
caused by starvation and dehydration due to the pancreatitis prepared the soil 
for the invasion of the Type III pneumococcus with its subsequent multiple 
suppurative lesions. One of Elman’s autopsj- reports is from a patient who 
died from another cause some weeks after the attack of acute pancreatitis. 

This case possesses the criteria differentiating acute bacterial from subacute 
bacterial endocarditis. She was 47 years old, there was no evidence of any 
previous heart disease, and the emboli were limited to the viscera and were sup- 
purative in nature. She had purulent meningitis, and the entire course of hec 
illness was about 5 to 6 weeks. 

The pneumonia was of the bronchial t.vpe as evidenced by tlie limited phys- 
ical signs and x-ray findings. Multiple abscesses are more common in this lattec 
tjqie than in pure lobar pneumonia. The rather large size of the abscess in 
the left upper lobe makes it a likely source of the septicemia involving the 
endocardium as well as the other viscera. 

SUMMARY 

1. A case is reported presenting the association of two rare clinical path- 
ologic entities, viz., acute bacterial mural endocarditis and acute interstitial 
pancreatitis. 

2. The likelihood of the interstitial pancreatitis being the primary process 
is suggested. 
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NODAL i?HVTini AND BDNDLIi: BKANOi! BOMOIC F<)LLO\VING 
ASPIRIN ItVPKRSHysrrCVlTV'- 


N.VTiiAX Blook, .UD.A axd Harb\ WvLKKit. M D.A Ru-HMoxn, Va 


r^UOO aeiiNUivify is not uueommon, ami .in i. i Uivoiite drug, oue 

expect to see an occasional ahi,.) in.d i.-etinr atfor its ingestion, 
ut^ (tiiciiiei and Blanton* luive shown ih.it alMn i.-aIi uionitons quantities ot 
nmin are consumed every year in the I nif..d siat.-,, < uU '.ne case of severe 
hypersensitivity lias been re])oi‘ted. 

SUii rash and gastrointestinal disorders <ii.- the (ou'ii’uji sequelae to drug 
o^erdosage; severe anaphylactic inanilesiatmns, siuli es di'spnea, cyanosis, 
aspnjxia, generalized circulatory colIa]>sc, c*m\ uKi.uts or 'iinfuse urticaria, arc 
unusual. Wilcox and Andrus,- in animal osju'i-mH nts <>u the isolated heart, 
uue provoked anaphyiaetic reactions uxiner !u»rse stiuin. it which the elcctro- 
wadjograni .showed ectojiic rhythms. PR proionaa^ions, and and T ciianges. 

tesQ abnormalities were transient and fn-qucnilx tlisjpj. eared within fifteen 
minutes. 

^ Our ease represents an analogous situation ni the human heart. The seusi- 
moehaniam was a drug rather tlmn horse .xoinm Anuphvlaetic shock with 
transient nodal rhythm and bundle bvancli bhu*!; occuircd after the ingestion 
of five grains of aspirin. AVithin twontv-four hours all of these phenomena had 

disappeared. 

C\SR Rlil’ORT 

It. if., a ivlutc mate, ageU 50 years*, was first seen m .tone. lO’iT, ‘it the Metlical Coiloge 
He was hiougUt to the hospital as .an emcrt>enr,\, tomplaining of a .Midden attnrk 
® ^reathleshness associated with pam in his right chesl He had -uffored two previous attacks 
a period of a luoath; both of these had subsided ratiier pron)ptly after rest in bed 
<sr ^ereral hours. The pain iu the chest was just to the right of the .‘Sternum at ttie fourth 
intercostal space and did not radwle. The examination at that tune ■’bowed the blood 
Pfessure to be 135/S5, temperature, 9S-.6® F., pulse, 80. An electrocardiogram was taken, 

“t the only abnormality was a left axis deviation and a negaSixe T wave m Lead III. The 
P^itient left, the hospital two days after admission. 

was readmitted four years later in January, 1941, complaining agaia of brcathlc&s- 
and pain in his right clle^t, but at this time it was af>sociatpd with excessive laeritnation 
5>erou3 nasal discharge. The entire episode occurred after ho had taken five grams 
® Aspirin. The patient volunteered the mforaiatiyn that he had noticed the same type of 
' after taking arpiriu in tlie past. Tlie ex.immntmn revealed a very weak male, 

^tlied in perspitvalion, with chest pain which radiated to botii arms. The .vldu was cold and 
«lan)iuy, pulse rate, 110, BP, 110/00, temperature, ino** F. An electrocardiogram was ira- 
^^diately taken, and this tracing showed a nodal rhythm and bundle branch block. The 
•^mperature subsided to normal in. twenty-four hours. The urinalysis was negative, bemo- 
gobin, SG per cent Sahli, 4,900,000 erythrocytes, white blood cells, 13,400, with S9 polymor- 

*Prom the Deoartment of Cardiology. Medical Coliegc of Virginia. 
lAssistant Professor of Medicine. 

^Issociate Piofes&or ot Medicine. 
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phonuclear neutropliiles, 6 lymphocytes, and 5 monocytes j the Wassermann was negative. The 
next day all of liis symptoms had subsided. Another electrocardiogram showed that the nodal 
rhythm and bundle branch block had disappeared; the only unusual change in the tracing 
was a negative T-4. The patient remained in the hospital five days and then signed his release. 

His third admission to the hospital was on March 12, 1943. At that time he returned 
for an elective operation on his nose. An electrocardiogram revealed the same contours as the 
original tracing in 1937. The chart shows the electrocardiographic changes. 



Fig. 1. A, QRS — 0.06; deep Q-1 : deep S-2; negative P-3; deep 5-3; negative T-3. Left 


axis deviation. 

B, QRS — 0.12: varying P-1 
high T-3 : deep Q-4 ; high T-1. 
axis deviation. 

a, QRS — 0.08 : deep Q-1 ; 
deviation. 

D, QRS — 0.06: deep Q-1 ; 
deviation. 



deep S-2 ; deep S-3 ; diphasic T-3 ; negative T-4. L.eft axis 
deep S-2 ; negative P-3 ; deep S-3 : negative T-3. Left axis 


DISCUSSION 


Although the original electrocardiogram taken in 1937 was not finite nor- 
mal, the left axis deviation and T-3 negativity were not considered significant 
changes in this particular case, and after six years there were no added ab- 
normalities in the electrocardiogram. Longeope® has demonstrated that there 
is a definite relationship between clinical serum disease and certain drug le- 
actions. He considered the arsphenaraincs and sulfonamides the more dangeious 
drugs, but we have shown that aspirin may produce similar phenomena. Ric 
studied the tissues of patients who had died after receiving horse oi lain 
serum. The most interesting necropsy finding in these cases was an acu e 
arteritis and periarteritis affecting the smaller vessels, and he coneluc e a 
vascular lesions of this type eoidd be a manifestation of 
of hypersensitivity in man. We assume that this same type of ^-e^tion oeeii 
in our case, but that it was transient and the patient was not e 
permanent damage of the smaller coronary vessels. 
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CONCLDSION 

Aspirin is an excellent analgesic and, considering its enormous consump- 
tion, only occasionally causes any severe reactions in luiman beings. This case is 
an example of very unusual sensitivity to the drug. 
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TRANSIENT T-WAVB im^ERSION FOLLOWING 
PAROXYSMAL TACHYCARDIA^ 


S. L. Zimmerman, Major, M.C., A.IJ.S. 


A ^normalities of T waves of the electrocardiogram following bouts of 
A* paroxysmal taehj'cardia, unassoeiated with myocardial infarction including 
T-wave flattening and inversion, have recently been reported^’ ® Their 
occurrence may follow either supraventricular tacliycardias or, probably more 
often, those of ventricular origin. The inversion may persist a varjung length 
of time following cessation of the paroxysm, even as long as two months, without 
necessarily entailing a diagnosis of infarction. Geigei’- suggests that there may 
be some relationship between the length of the attack and the duration of the 
T-wave inversion. This, however, has not been the usual experience. 

The importance of correct diagnosis in these cases, especially with reference 
to myocardial infarction, appears obvious. It is believed that the following 
three cases illustrate the evolution of these T-wave changes clearly, and it is felt 
that their significance should be more generally recognized. The first case is one 
of supraventricular tachj^cardia ; the second and third are of the ventricular 
type. 

CASE REPORTS 


Case 1. — B. L., a 47-year-old white female, was admitted at 10:30 p.m. Aug. 4, 1943, 
with a paroxysmal tachycardia which began at 9 P.si. the same night. She gave a history of 
numerous attacks of rapid heart action, for a number of years, lasting from ten minutes to 
thirteen hours. During these attacks she had been cognizant of palpitation, but between 
them she was asymptomatic. No unequivocal history of a diminished cardiac reserve was 
obtained, and there was no history of retrosternal distress related to exertion. Her activities 
had been markedly restricted because of them. She had taken quinidina sulfate on occasions, 
and this drug had been quite effective in diminishing the number of paroxysms, as well as 
terminating them, once they had begun. She had chorea as a child, following an attack of 
tonsillitis. The remaining history was not relevant. Examination disclosed .a 47-year-old 
white female, somewhat flushed, in the semiorthopneic position, with a regular ventricular rate 
of 200 to 210 per minute. The blood pressure was 130/110. The fundi revealed a mild 
retinal arteriosclerosis. The heart was not enlarged. There were no thrills, shocks, or ab- 
normal thrusts. No murmurs were heard. The radial vessels were thickened. There nere no 
evidences of congestive failure. The remaining e.xamination was irrelevant. The electro 
cardiogram revealed a supraventricular tachycardia, with a rate of 210 per minute. (Fig. lA.) 

Orbital pressure, carotid sinus pressure, and vomiting resulted in some gradual slowing, 
but the rapid rate soon ensued, following cessation of stimulation. She was given dilaudid 
HCl grain. She had stated that she was sensitive to morphine, and was reassured, but 

her arrhythmia continued. At 12:55 A.il. Aug. 5, 1943, she was given 20 mg. of mecholy 
There was an intense vasodilatation, especially of the face and chest. The blood pressme 
fell to 112/90, but the rate remained unchanged. Carotid sinus pressure following mec lo j 
failed to alter the arrhythmia. 


•From the Medical Service, U. S. Veterans Administration Facility, Columbia, S. C., Dr. 

Published with the permission of the Medical Director. Veterans Administration who 
assumes no re^OT^bilitJ forX opinions e.xpressed or the conclusions drawn by the author. 
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Quiaidine aulfiitc in doses of siv miins it 1 a „ i 
lo«oJ by on abrupt ebange in rate "o A, « 'T ' “• 

lasted cloven boors and tnenty 1^.010; / :. TT" , 

»f throe grains four times daily, and'en V„.s 7' 

obtained. The T vvavo.s in Loads I I J IV n’ /.; '^■• ‘■'"•'■“■-^'“8.0.0 tF.g IQ „as 
"■as di.AC„arged and .she resumed h’er ;.:ual 1.,^:;,: : 


tr>DJ. 




F»c. 1. 


win -■^ piiro-x^sm of >upruvcntricular tudiycardiu of eleven Jiours and twenty 

Ere'de^^ followed by transient invension of tlie T «;m*3 in Leads I and IV F, 

cesssnf f-edation, vagal htimuLation, and quinulinc is piesonted. Two days following 

of ‘irrljj the T waves bad reverted to their normal upright contour, in spite 

‘^Etnlinuation of the quinidine salt. There W'as no clmiral or electrocardiographic evidence 
of *^*^^?*^*^ heart diseu.se, although tlie patient had a mild hypertension and u moderate degree 
obvio ^ poiipheial arterioclerosis. That fliero was no niyocaidial inf.arction wa.s 

ous from the clinical cour.se, tlie rapid reveision of the T-wavc cliange.«, and the absence 
any S-T elevation and Q waves. 

plaini^*^^^ ^ -lO'year-oId white male, was first admitted Feb. 12, 1939, com- 

to 1 ^ aausea and a rapid, “fluttering'* heart action, with sudden onset, the day prior 
but accompanied by thortness of breath. There w,ws a history of exertional dyspnea 

The ^*^*^*^ anginal s^mdrome. Other than the above, hia health Imd been considered good. 

"as no history of antecedent hj’pertension, syphilii<, or rheumatic fever, 
ojy admission, lie was cyanotic and moderately dyspneic. Tlic ventricular rate was 
njA minute and quite regular. The pulses were barely peiccptiblc. Tlie blood pres.sure was 
' • There was no apparent enlargement. No murmurs weie heard. The peripheral vc.=scl3 
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were sclerotic. There was no evidence of congestive failure. The remaining findings were 
not relevant. Carotid sinus pressure failed to alter the rate significantly. The electrocardio- 
gram revealed a ventricular tachycardia (Fig. 2 H). 




Couw.— The patient remained afebrile throughout Ids hospital stay. No friction rub 
was audible. He was given small doses of digitalis, and the sinus rhythm became re-estab- 
lished on Feb. 15, 1939, the paroxysm lasting about four and a half days. Electrocardiogram 
(Pig. 2B), obtained Feb. 15, 1939, revealed marked inversion of the T waves in Leads II, lUj 
and XV F, with depression of the S-T junction in Leads II, III, and possibly Li'’ F- 
No quinidine was administered, but digitalis was continued in small daily doses, the patient 
probably having never been fully digitalized. The electrocardiogram of February 2S re- 
vealed a normal sinus rhytlim, a diphasic plus-minus T-2 and T-3, and a deeply inverted 
T-1 (Pig. 2C), the rhythm continuing regular sinus. His course continued uneventful, and 
the last electrocardiogram during this admission (Fig. 2H) revealed an upright T-2, a very 
shaUow, probably diphasic, plus-minus T-3, and a shallow, inverted T-I. The U waves were 
prominent in all leads. The patient was discharged as having attained maximum benefit, 
Apr. 16, 1939. o & 
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On tha Bcoond admission, Sept. U, 1912, l.a rr entom] «,Hi an nttnd: of paroxvsmal 
tacliycardia of 48 hours’ auration, «lneh liad not napmi.'oa to diKitalis oi qum.dme ad- 
nimislcrod by his pliysicinn. He ivtis excited, :ipi'r’‘licn-iie, i!\s(.iii-n', iind somenhat cvanoltc. 
The hands were cold imd clammy. Tito vcntnenhti .ms JllS and rejnlar. The blood 
pressure was unobtainable. There were no mnrtnur-< anil flu* lie.nl n.i'. nut eol.i aeil There 
^^a8 Do evidence of conge‘'ti\G fuiluro. The urn- not eonsL'fjjientia] 

^rther history this time revealed the fact that he liml lu*(] uumeiuu-s .ittai'ks. of tadneardia 
smee IQZO, lasting; from a few hours to a few day-^ Fh- tto-Mitlioj,: im (Fi^ was ob- 
fained on admission. 

Course.— The patient was afebrile ihroughtut In-? h.-pifal stay. No fri.Mion rub de- 
'cloped. Ko complaincil of no pain. Large Iom--. .»t' -lui’ii.l.m- vuli.,U’ Wi-n «.t ufr<I oiall\ 
on the day of admission^ augmented with prostigm.fie Vt it a se, .St-pt lo, H.e rate was 
n» per minute, .after ho had a total of 72 ->( ijiiiniii-of- sul’-tt- Floi tiof'iftdiograni 

tins time revealed a persistence of the \entrun*Iai tai liy»’:i*d.a. with a rate of l.':2 per minute 
(fiff. 2F). Tho QRS complexes were ni.arh-lly uitlcncl Tiii.> j'ati.’ut l-’lt lu-Ucr On 
September 18, the ventricular taeltyeimHa gave wav to a norn-ul -niU" liivthm with a rate of 
per minute. By this lime Jio had 150 grain- uf qt-iCPi'nic ■-uli'ale. EhTtioonnliogram 
(fig. 2C?) revealed marked inversion of tho T wave- m lAt.f' tl iinJ ITI. The uavfs were 
rge and broad. Tho QT interval w-as piolonged. ami the -^1’ juiuhniis in the-r leads were 
eprca«cd. Tlie contours differed from Ihe invvrte*! T waves Ldlowins the untial paroxysmal 
t.vchycardia (compare with Fig. 2 B), and. m addition. T-* remained upright. 

Quinidino iatako ^vas reduced, but still administered On Fepreinbci 23. clertiocardio- 
Erain (Fig. 2Zr) showed a sli.allow T-J. uitli inveitod T waves in Lead” II and III, but not 
Dearly fo broadened as they were in tho j»rior tiacmg- PVom then on, his leoovery was un- 
eyeatful. Quinidino was continued iu dO'Sigo of It to 12 "tains d.nly. and on October 28, 
is final electrocardiogram 2/) revealed upright T wave* in all lemls. 

Contmenf.— .Thg preceding c.aso is one of recuneni bouts of tachvcardia ov^er a period 
fifteen years, only two of vvhich were studied and wluvh proved to he of tho ventricular 
Jlic-*" It is believed that this patient had undoubted organic luMit diFOu^e The first 
paroxysm lasted four and a half days and terminated witliout tli,j use. of quimdme. This was 
followed by inversion of tho T’wavcs in Lead.** II, III. and IV F, with depression of the 
junctions in tho same leads. After a period of almost two months, the T waves became 
• upright in Lead If, diphasic in Lead IIL The second paroxysm lasted six days and was 
terminated after he had leceivcd IcO grains of quinidme sulfate as well as prostigmine, over 
^ period of four days. Again the T vv.'ivcs. pTogres-cl through u .similar cTolution, although 
diilering Jn configuration and duration from thoyc following the first attack, which had been 
wnmfiuenced by quinidine, T-1 did not become inverted following the ‘•econd attack. After 
^ period of ono mouth, all T waves levertcd to an upright position, and during this period 
qumidino had been continued in maintenance dose.-*. 

Tlie question of myocardial infaiction must be considered However, it is believed that 
it did nQj; take place because of the following reasons; There was no chest pain, and, other 
^ an tho arrhythmia, there was nothing which suggested an infarct, clinically. Electro- 
'■ardiographieally, there were no reciprocal S-T deviations and no Q wave evolved. The S-T 
junctions were depressed, rather than elevated, m the leads .'showing T-ware inversion. The 
reversal of qi ^^aves occurred quite rapidly (ono month following the second paroxysm), and 
changes were very similar to those following the first paroxysm. Finally, tiie history of 
often repeated parox-ysms of rapid heart action makes it appear unlikely that an occlusion 
^Ith a myocardial infarct ushered in each of those attacks. 

Case 3.— a. H. M., a 48-year-old white male, was admitted Oct. 5, 2942, because of 
genitourinary difficulty. He had had hematuria, associated with tho passage of gravel, 
for eight years prior to admission. Three weeks before, he had a chill, and this recurred 
finily. nnd was associated with a temperataro rise. He was treated for malaria at home. 
Associated with the chill, he noticed a <<xed»» urine, whicli continued almost up to the time 
of admission, ^ before entrance, he had a pain in his right fiauk v*'^’ radtatc- 

back to the right costovertebral region. 
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were sclerotic. There was no evidence of congestive failure. Tlie remaining findings were 
not relevant. Carotid sinus pressure failed to alter the rate significantly. The electrocardio- 
gram revealed a ventricular tachycardia (Kg. 2 A). 






1 














Course. The patient remained afebrile throughout his hospital stay. No friction rub 
was audible. He was given small doses of digitalis, and tlie sinus rhythm became re estab- 
lished on Feb. 15, 1939, the paroxysm lasting about four and a half days. Electrocardiogram 
(Fig. 2B), obtained Feb. 15, 1939, revealed marked inversion of the T waves in Leads 11, HI, 
and IV F, with depression of the S-T junction in Leads H, HI, and possibly LV F. 
No quinidine was administered, but digitalis was continued in small daily doses, the patient 
probably having never been fully digitalized. The electrocardiogram of February 28 re- 
vealed a normal sinus rhythm, a diphasic plus-minus T-2 and T-3, and a deeply inverted 
T-l (Fig. 2C), the rhythm continuing regular sinus. His course continued uneventful, and 
the last electrocardiogram during this admission (Fig. 2D) revealed an upright T-2, a very 
shalloiv, probably diphasic, plus-minus T-3, and a shallow, inverted T-l. The XJ waves were 
prominent in all leads. The patient was discharged as having attained maximum benefit, 
Apr. IG, 1939. 









ZniMEltJIAN; TRANSIENT T-WAVE INVERSION 603 

Tho fcounda icmained cood. Xo frii>tinn i-mI « t , . 
patient felt well. Quinidine llienm- iv-i, II ' I'looil pressure rose. The 

cardiogram (Fig nC) revenlel 'fa "'™ institute,!, ami on Oetoher 10, the eieetro- 

liipliasisni. S-T-1 still remaiiiei 1 '''illoti ami ttas gu,ug nay to 

essential changes 1 ^ 0,0 „ h .e , '”'Tn "" "‘S '^’'8 - 

“Plight, and^thcro rcmatnotl ' miersioti of P-3, hut T-4 tias noiv 

Qninidino had been administered i' ‘’'■'"‘'"'nn of ll.e ST ji, notion in tills lead. 

■ oMained, tlirongllt t“l‘ T" 

« as^ptomatm soon ,1, ereader. Tlieit”: ;::r 

Lead I, and™he revers“m^7 '•'“■“ges m 

'he Tentrleniar tael,yenrdia“ cessation of 

have unequivocallv ^i.'o '/ “ I"''™ ele. tinea, .„og,a)il,ii ,l.aiiges ohieh might 

snpport Melt a eoiit" f? '"Larctio"- Mo.eoter, tlie.e vei.. no el, meal findings to 

lv V5i™' oa"cd! ;to ;",Leti,l I reniaine,! that Leads if and 

not of the tvim ■ » appeared. The K-T detiati-n. were not reciprocal and were 

changes to 2 inortTr ‘ 1’“'"’™ Jloieotei, there weie no .serial 

g to support the original eontcnliim of a left lateral w.ill intai.d 

UISCI.'.S.SION 

metlHh V lael..veai-(lia ftiiled to ivsiwnd to the tisiial 

liours nnd s mceholyl m tho dos.igc given, ft iioisisted over eleven 

for a non! T-wavc inveision in Jieadi! I and IV persisted 

diseaeo mi ^ ^ "'as no evidence of organic iicart 

ffcnnr ] iiiGchaiiiam of T-\vavc iiivousion followiii'i' tacliycardia is, in 

whinlM’ Whether tlie patient had an “ureiilt'* coronary sclerosis 

can?' maiiife.st with a relative cardiac anoxia as a result of the taehy- 

vei-s**^ Wliether “myocardial fati-»nc“ alone can cause this in- 

defi*°ri Pi’Gsenec of an intact, siiflicient coronary circulation, ha.s not 

niej’- been proved, altliough it has been suggesJed by some.*^- ® That the 
from the quinidine hs iirobable, in view of the 
a i\e j small dosage and tiie rapid return to aii ujjright position, even though 
sio ^^^hiistration had been continued. She had, also, on various occa- 

•oJISt taken quinidine in similar doses, with no effect on her prior electro- 

<^ardiograms. 

ci important point in this respect is the relatively infrequent asso- 

^ a lou of paroxysmal auricular fachyeardiu with myocardial infarction. In a 
S series of acute coronary occlusions, Rosenbaum and Levine^ did not ob.'jerve 
case, although other arrhythmias were not uncommon. Master and his co- 
ers^ reported three cases in a group of 300 patients. It, accordingly, would 
^ pear, from a statistical standpoint at least, that T-wave inversion following 
P aventrieular tachycardias is usually not due to an a.ssociated infarct, al- 
only careful observation, both clinically and electroeardiograpliically, 

J be necessary before any definite diagnosis can be made, espeeialh' if the T- 
^ e inversion persists for a matter of weeks. The important point to remember 
such invei-sion does occur and may pei'sist for a period a.s long as two 
bs, in the absence of organic heart disease, not to mention myocardial in- 
fai'ction. 

That the duration of the attack bears no relationship to the length of T-wave 
crsion is suggested by comparing the time required for the reversion of tiie 
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T wave in Case I with the ease of Geiger’s." Both had a paroxysmal tachycardia 
of supraventricular origin, of comparable duration, and yet Geiger’s patient had 
persistent T-wave inversion for twenty-six days, as compared with less than two 
days for this ease. 

When ventricular tachycardias result in T-wave abnoi-malities, the diagnos- 
tic problem with reference to ruling out coronary occlusions is much more diffi- 
cult. Follovdng the first paroxysm in the second case, such a diagnosis was 
entertained, in view of the long persistence of the T-wave inversion, a period of 
almost two months. Following the second paroxysm, of six days’ duration, 
T-wave inversion persisted for only slightly more than one month. This again 
suggests that there does not appear to be anj'^ relationship between the duration 
of inverted T waves and the length of the causative paroxj’^sm. 

The reasons for not entertaining quinidine as the cause of the T-wave inver- 
sion in this and in the third case have been discussed pi-eviously mainly because 
similar inversion existed following both paroxj'sms in the second ease, even 
though no quinidine had been given during or following the first attack, and 
because following the second attack, the T waves returned to an upright posi- 
tion during the administration of quinidine. In the third ease no quinidine 
was administered during the attack. In fact, in our experience ivith ventricular 
tachycardias treated with massive doses of quinidine, T-wave inversion was the 
exception rather than the rule, unless it was part of the electrocardiographic 
evolution of a "protracted myocardial insufficiency.” 

The importance of proper evaluation of these electrocardiographic changes, 
from a therapeutic and prognostic standpoint, cannot be overemphasized. To 
lean toward the side of conservatism, with respect to thei'apy, is, on the whole, 
commendable, but the avoidance of erroneous diagnoses carrying ominous 
prognoses should be strived for. It is believed that cardiac invalidism has been 
enforced upon many patients because of failure to appreciate the possibilities of 
the mechanisms described. 

The probability of an associated infarction niust be considered etiological 
in these T-wave abnormalities if Q waves appear, if progressive changes in 
reciprocal S-T deviations are evolved (in occlusions the S-T inteiwals are 
elevated in those leads where the T waves become inverted) and if other clinical 
factors suggesting an infarct coexist. These changes probably do not occur in 
“benign,” even though persistent, T-wave inversion associated with and fol- 
loAving paroxysmal tachycardia. 


SUMM-IEY 

1. One case of supraventricular tachycardia and two cases of ventricular 
tachycardia followed by T-ivave inversion in multiple leads, persisting for a 
variable period of time and not associated with myocardial infarction, are 
presented. 

2. The importance of correct evaluation of these changes is stressed. 

3. The role that quinidine played is discussed. It does not appear to have 
been of etiological importance. 

4. Certain differential electrocardiographic findings are discussed, and 
their importance in excluding myocardial infarction is stressed. 
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5. Porsistent inversion of T waves followiii" taeliycardius is not neces- 
sarily of ominous prognostic import. 


«eei:ke.\oes 

1, CaiiijibcU, it.; Iu\tMbii>n of T \Va\es Aflei L«ji^ J's.n'Wvni., <>{ T;i< lutanlia, Bnt. Heart 
J. 4: 10, J042. 

Ueiger, Arthur J.: Elcctrocanliograins Siniiilainij; Tho>o of Coiofiaiy Throaibosis After 
Cessation of Paroxy‘'i>ial Tachyeanha, A«i Hoarl A 20. o.j'j. ilMu. 

3. Currie, G. M.; Traii.sieut InvcrtctI 7’ AVavi"* Aft-e« !’») 'I* i Jiycardia. Jlrit. Heait 

.r. 4: J40, 1042. 

4. Graybicl, A., and White, P. D.: Inver.'iioii of iIm* '!' in I or II ot the Electro- 

cardiogram in Young Intlivitluals With A’.*imo< ■»< ula'- rj Abthi-ma, With Tliyro- 
to.\icosi:<, in delation to Certain Infection'* aiil h’olloe ' mi; rarj'.wsni.al I'ontucuUr 
Tachycardia, Am. Heart J. 10: 34J, 10:.4 

5. lio.«onhaum, Erancia F., and Leviiio, Samuel V . Wiliio of Various. Cliuicul 

and Electrocardiographic Features of V«uU' Iii/aicfion, Arch. Int. 

Med. 68; 013, 1941. 

C. Dtibba, Alfred W., ami Parnot, Da\id }l. \.aiii<i.i'i < ,irdia Stopped on the 

Twenty-First D.ay by Giving Quinidim' '<iilf;*t‘' Jiuijiv-’ikjii ly. Am. Heart J. 24: 

272, 1042. 

/. Ma.'tter, A. M., Dack, S., and JofTc, H. L.; Hisiinhan..-- ot Kate and Ehythm in Acute 
Coronary Artery Thrombosis, Ann- Int. Med. 13- I'hl/. 

8. McMillan, Tbomas, and Hellot, Samuel; Wntiicul.ir l',unv'«m;,I Tachycardia; Kepoit 
of .a Casa in a Pregnant Girl of Si.v(ecn Years With an \)'pa''cntly Normal Ilcajt, 
Aim lleait J. 7; 70, 1031. 



608 


THE JOURNAL OF LABORATORY AND CLINICAL 3IEDICINE 


Each subject was fumished with clean treated hose as needed and was in- 
structed to wear a clean pair each day, reporting any unpleasant sensations. 
After each day’s wearing, the hose were returned to the laboratory where they 
were laundered, mended, and reimpregnated. The soiled socks were soaked in 
tap water at 40° centigrade for 30 minutes, rinsed, soaked again in tap water 
at 70° centigrade for 30 minutes for the destruction of the fungi responsible for 
athlete’s foot. They were then Avashed in soapsuds, rinsed, dried, and im- 
pregnated AAUth the eopper salts. 

RESULTS 

Table I shoAvs the kind and concentration of copper salts used, a brief de- 
scription of the skin condition at the beginning of the period of treatment, the 
duration of infection prior to treatment, the length of time the socks impreg- 
nated AAuth eopper salts Avere A\mrn, and the skin condition at the close of tiie 
study. 

The skin of 6 subjects appeared to be normal at the close of the period of 
obsejfA'ation. That of 11 othei-s was improved. The skin condition of one (21. C.) 
became AA'orse. It is believed that the condition of tAvo of these (B. B. and 
C. M.) might have shoAvn further improA'ement had the subjects been more 
conscientious in Avearing the socks. Complaints of irritation were not made Avhen 
the acetate Avas used, but one subject out of six objected to the odor. The acetate 
seemed to be more beneficial than the sulfate. Itching Avas usually relieved 
Avithin a Aveek. No harmful effect on the shoes was reported. 

SUJDIARY 

Eighteen subjects Avith clinical athlete’s foot Avore cotton hose impregnated 
Avith copper sulfate or acetate for periods of IV 2 to 10 months. The skin of 
six appeared normal, eleven shoAved improvement, and one Avas Avorse at the 
end of the experiment. The acetate seemed to be more beneficial than the 
sulfate. 
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THE EFFECT OP HEAT PRODUCE;) HV SHOIfT WAVE DIATJIBR.WV 
ON THE ACTIViTV OF JrUStEE* 


W. W. Tuttlb, Pit.n., .1X1) I'lTTs, .V A , R)\va Citv. U. 


IXTJlOin CTKlV 

A LTHOUGir some form of heat has h.mi .-mpi-ned snu-e earliest times in the 
treatment of pain, injiny, ami weakiM-ss of slteh-fal /mtsel-. the problem of 
s use IS perplexiii" beeanse there is ineuinplelc scientifie e\i;I(*nce as to what 
e ee leat has on the intact imi.scle. Tin- (nohii-in is fniihcr ('om])licated by 
le \ariety of methods eini)loyed for apiilymi!: beat and dif n siiltin^ attempt 
0 e\aluate tlie e/heieney of eacli yiiicc short «a\i’ lii.dlanniy i* a form of 
ealnijj i\ide]y used in tiie treatment of muscle, the exinijment reported here 
uas undertaken in ati atlompt to timi out how its applicidion affects the dura- 
ion of the various pliases of museular eoiilraelion ami lo v hut deijree eacii phase 

IS affected. 

An examination of tlie lilerainre meids but inlle cxjierimenlai data con- 
reming the effect.s of tlie application of lieal on the response of intact muscle. 

peiildiiaiii .studied tlio effect of heat ireticraled ))y the infra red lamp 
(ratliation) on tlic response of the intact mislrocnemnis muscle Twenty-four 
sujjects were used, flei* eonehisions were that aflei tweniy minutes of radia- 
lon there wa.s a .shortening of the latent and contraction period.s of muscular 
fletivity. ls’’o definite eonedusions were drawn fiom lier data on relaxation time. 

Tuttle and Williams^ studied the effect of autocondensation and high fre- 
Mueucy currents (conversion) on the tonus of .skeletal muscle. The extent of 
he knee jerks of nine subjeel.s, before and after iiuating, was compared. It 
''as found that the autocondensation current wlien applied in sufRcient quan- 
dties to cause perspiration rediiec.s the extent of the reflex. The increase in 
temperature evidently causes a relaxation of the muscles and tiins a decrease 
bi tonus. 

Other experiments pertinent to the subject of tlie effects of short wave di- 
fldiermy on muscle are reviewed by Bierman.^ 

This experiment was conducted on twenty normal individuals, sixteen 
iionien and four men, between the ages of twenty and forty years. Tlie group 
jvas selected at random. Each individiiars muscular rc.sponse was recorded 
before rest and after twenty minutes of rest. On the following day at tlie same 
hour his muscular responses were recorded before lieat and after twenty minutes 
of application of Jieat witli sliort wave diatliermy. TJie data on tiie effects of 
^■cst wore collected so as to lie sure that any effects appearing in tlie Iicat records 
'^owld not be attributed to rest. The contraction of tJie intact gastrocnemius 
^mscle was olitained by aiiplying an electric .stimulus to the motor point. 

•r'roiji the nepailiiieiit of mi>>.JuloBy. College of MfUicino. Uiiiwisity of low.u 
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I'lie Stimulatinc/ Unit . — The source of the stimuli was the laboratoiy type 
of iiiduetorium. One lead from the secondary winding of the induetorium was 
terminated in a copper electrode % of an inch in diametei', which was covered 
with electrode jelly. This electrode was strapped over the medial motor point 
of the gastrocnemius muscle. The other pole of the secondary winding was 
terminated in a metal electrode with a surface area of 6 by 6 inches. This elec- 
trode covered with wet C’anton flannel was placed on the outer part of the thigli. 
The primary winding of the inductorinm was placed in series with a hand 
switch, two diy cells, and a signal ma.gnet. Sulnnaximal break induction shocks 
were used as stimuli. 

The Recnrdinfj Device . — The data were recorded on the smoked paper of 
an extension kymograph. 

The subjects were jilaced prone on a table. A stout string was attaehed 
to the sole of the sulijeet’s shoe by a thumbtack. The string extended under 
the table and to a recording stylus suspended from a rubber band. Uniform 
tention was .maintained on the string at all times by means of the rubber band. 
The time of the application of the stimulus was marked on the record by a 
signal magnet placed in the primary circuit. An electrically driven tuning 
fork vibrating at the rate of 100 double vibrations per second was placed be- 
tween the signal magnet and the stylus attaelicd to the suliject’s foot. 

After the electrodes were applied, the tension on the muscle adjusted, and 
the recording device ready, tlie drum was spun, during which time the stimulus 
was delivered and the response recorded. Since all the recording styli were on 
the same oi'dinate, the speed of the kymo.graph was immaterial except that it 
was fa.st enough so that the time could be read to the nearest rpiarter of a double 
vibration. The greatest number of complete contractions whieli it was possible 
to record on one drum was recorded eacli time. The number of recordings 
found in the data were those which could be read with confidence as to validity. 

The Heating Unit . — The portable, short wave diathermy machine used was 
an “Intratherm” Ulodel P125, manufactured liy the Therapeutic Oscillator 
Corporation, We.st Des IMoines, Iowa. 

The Record . — Records were made as stated in the section on the recording 
device. The first records were tho.se of the response of the muscle before rest. 
The suliject was allowed to rest for twenty minutes and then records were made 
of the response of the muscle. The subject returned the next day at the same 
hour and a record was made of tlie response of the muscle before heating. Then 
the electrodes from the induetorium were removed and a cuff condenser electrode 
was tied around the leg just below the knee. The other cutf condenser electrode 
was tied around the leg just above the ankle. The subjects were free to move 
the leg throughout the heating period. They were told to inform the investi- 
gator if the leg felt too hot all over, too hot in any one spot, or if there was a 
sensation of muscle cramping. The desired sensation was one of comfortable 
warmth. The current was turned on and left on for twenty minutes. The in- 
tensity of the current was regulated according to the subject s heat tolerance. 
After the heating period, the heating electrodes were removed, the eleetiodes 
from the inductoi-ium rciilaced, and a recoril oi the response ol the muscle \\<is 
recorded. 



TUTTLK A.\I) m'T.S: .SilOKT \VA\/: DHTlIKHM’i \\1) MIIMLF >CTIVITV (ill 

Hcmlnuj the Ihcord.—TW (i‘cliiii(|ii.- nC n'<|uirocI (Imt (he lo- 

.spoii.se ol the fta.stroeiieiiiui.s muscle he lepieMsite,! as d.mmvar.l mevement on 
the .smokcil driuii. However, for imriposes ot (oiiipui.itior], the rei'ords were 
lurneil over iilul read from ri-hl to let( Tl„-v aiv i,.p. esprit,.,! in this manner 
in hipt. 1. llie toji line is made In- th.- ipp-iiiplme sir Ihn .jllap-hp'd to the foot, 
the lower line hv the .signal maunet. .pml ilii- mipi.ll,. ,,m. In thp. too douhle 
vibrations timin;,' fork. The jiroi-i-plupp. ipii- p-.d, idatinn ppinsistp.pl ot piropiuna' 
an ordinate thronoh the break in tin- sieii.tl m.ieiip-t In,,' llip'ti on,, (hrouith the 
Iioint at which the reeordinfr .st.vlus h.|t th.- ip.is, i,,,,. p, estahlisli a 



, 1*1?. 1. — Record of the effect of heat pioduccd bj ^hort wave ili.itheiiJiy on the actlvit\ 

• upper hg'uie .<!liow.« the noniial mutculai rtf=poi»e The lower flffuio shows 

i c muscular icsponse after Jieat. Reading: from licht to left 


iVorHiflf 

A-B Latent peiitHl 
B-C Contraction pciiod 
C-D Relaxation pejiod 


tec. 
u O'*?! sec. 
O.l-.'ii) .see. 


Jleaf 

A-B Latent pcriiHl '* 

B-C Contraction peiiod 

C-D Relaxation periml O-i'f 


base line, tlie recoi'dinp- .st.vlus line, before rontraciiun oeeurrepl, was eontimied 
throuaii record. An ordinate wa.s dropped through tiie middle of tlie flat- 
’fst part of tile top of tlie contraction curve, and finall.v an ordinate wa.s dropped 
through the timp! line from tire point where the iwoidimr .st.vlus i-eluitied to tire 
''a.se line. It is evident tliat the latent time is the time eiapsiim hetneen tlie 
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stiniiiliis and the leaving of the base line by tlie recording stylus. The con- 
traction time began at the place where the stylus left the base line and ended 
at the middle of the flattest part of the curve. The relaxation period began at 
the end of the contraction time and ended at the point where the stylus returned 
to the base line. 

The duration of each iieriod of the form curve was determined in seconds 
by reading the number of tuning fork vibrations between ordinates. 

The Data . — A summary of the data relative to the effect of rest on the ac- 
tivity of the intact muscle is presented in Table I. The data show that no sig- 
nificant changes in the activity of the muscle were caused by a period of rest. 


Table I 

The EeI'T.cts ok Rest ox Mcscul.U! .Vctivity 


1*KRI01)S OF 

GROUl* 

MEANS 

msgmm 

S.E. DIFF. 

t* 

PER CENT 

liAR ACTIVITY 

BEFORK 

AFTER 


CiriVNGE 

Latent 

sec. 

.0100 

sec. 

.0191 


.0000 

0.8 

2.6 

Coutrnction 


.1012 


.0014 

0.0 


Relaxation 

.2101 

.2540 


0040 

1.8 

3.3 

T'otal time 

..lOSO 

.0700 

HE 

.0007 

0.3 

0.5 


•Diir'urcnoes uiu not sisniflcant at tlio .5 l>er cent level of conadence unless t is 2.1 or more. 


Table II shows the effect of heat produced by short wave diathermy on the 
various phases of muscle activity. Each period of tlie form curve was signifi- 
cantly shorter after the muscle was exposed to heat. The greatest shortening 
effect occurred in the relaxation period. This conforms to the generally ac- 
cepted idea that whatever alters the duration of the periods of the form curve 
produces the most pronounced effect on the period of relaxation. 


Table II 

The Ekkects of He.\t ox Mu.sculak Activity 


PERIODS OF ilUSCU- 

GROUT 

MEANS 

DIFFER' 

S.E, Dli'F. 


PER CENT 

EAR activity 

BEFORE 

AFl’ER 

ENCES 


Latent 

sec. 

.0190 

sec. 

.0158 

sec. 

-.oo:}7 

.0009 

4.1 

19.0 

Contraction 

.1009 

.0893 

-.0110 

.0033 

3.5 

11.5 

Relaxation 

.2543 

.1970 

-.0507 

.0077 

7.4 

22.3 

Total time 

.3740 

.3027 

-.0719 

.0073 

9.8 

19.2 


•Differences are signifleant at the 1 per cent level of confidence when t = 2.9 or more. 


It is of interest to compare the effects of cooling obtained by Tuttle^ with 
those of heat reported here. An ice pack applied to the gastrocnemius muscle 
for 20 minutes prolonged its activity twice as much as the applic;/’ - f tot 
for 20 minutes shortened it. Obviously, this is due to the fact i : ' , 

pevature of the muscle was lowered by the ice considerably more- . 
perature was raised by sliort wave diathermy. 

CONCLUSIONS 

The effect of the application of .short wave diathermy to t 
ti-ocneiiiius muscle was investigated. The data .show that all perioi 
curve of eontnietion were significantly shortened Id the applie: ' • 
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THE EFFECT OF ARTIPICIALLV INDUCED FEVER ON 
ANl<PH\:‘h',‘VGTIC .SHOCK IN ACTIVELY SENSITIZED ' ’ 
GUINEA PIGS’" 


R. V. Gottschall, Ph.D., P. deKruik, Ph.D., H. E. Cope, M.D., and 
D. Laurent, B.S., Ijansixo, jMich. 

In Collaboration With 

W. il. Slmp.son, I\[.D.,t H. W. Kendell, jM.D.,t and D. L. Rose, jM.D.t 


D iKRUIF and Simpson’ have reeently point' 
planation for the favorable effect of fever c 
thought to he of an allergic nature. TIie.se include 
lions of the rheumatic state, intractable a.sthma of 
tion of dermatitis following injections of ar.senieal; 
being treated for syphilis. Gernez and Eloive- sti 
small series of serum-sensitive guinea pigs and tour 
desensitized at the height of fever and tliat the hi;. 
Iirotection afforded. Hyperpyrexia was induced c 
temiiorature rise of six to seven degrees Fahrenlu 
minutes. Hirsky and Wa.ssermann in eollaborai 
serum-sensitive guinea iiigs by placing them in a 1 
minutes until their rectal temperatures were 109 tc 
of a fatal dose of scrum at the height of fever the 
were desensitized. In both of the experiments rei 
tnres were rai.sed very rapidly. Since clinical ex 
techniciue by which the fever is administered v( 
dividual's reaction during the treatment,’ we first 
was entirely safe for normal animals and which 
ducing febrile temperatures in human subjects. Th 
tion by hyperpyrexia in serum-.sensitive guinea pi; 

METHOD.S 

Groups of 10 to 20 albino guinea pigs of an 
by subcutaneous injection of 1.0 c.c. of a 1:100 dil 
The.sc animals were sufficiently .sensitive 23 to 136 c 
had been given. Both sexes were u.sed, the age a 
12 to 25 weeks and the weight 575 to 015 grams, 
chosen becaiLse they were found to be less e.xcitab: 
fever and inject. The serum was injected into i 
the fevered and control guinea i>igs. Immediati 

*From ih« IIun*:iu of L«'ibor;itorifH, Michigan Dcpartni* 
tFrom ilic Kelt* nng for ^ifedical IU*searcl», 

Ohio. 

Rccuivtjfl for publication. Jan. 1H4K 
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lion Thi '» ‘■‘Kl't nnini.-ils wiMv io(|iiiio(l lo]- this lilia- 

J; , 7”"". ="< ''''' .is-ni,lli„a <lose for oaci, 

uso,l th, f =>n.l ,1 two o,onp.s ol' niiimnis ware 

ii«il the ,lasf somelimos vanucl within an .AiKiiawnt 

to brnnsatt'f'!’?" '''"rl ^>avos was lound 

t».Per w ' ^ 

i-adialiot I “ ' >'■ "',1 I,.,,,,, ,lu. ...Hum during 

dcvulunod .t '""I"''”"’ oahinel ivlal.-d tn the hyportlKum 

of Inmolu i;,.s..a„.|, foa the nroduotion 

to a'.„od fi 77 """ 

the ai.im-,l '!"■ "'oi-»i.>e<oi|.I,- inv.-i t. d rut,, tiie m-tum, and 

inci.(..iv,.d'.(**."^''^'' ""i l•■>^|MTallll•t. ..f Ihu fai.iupt was then 

diirii ^ *« liich difl not roise tin* roonil ti'jiipcrsituii’ more than 1.0° F. 

llioiit'r period. This method was lonnd to he .satisfnelory, al- 

ti>«n‘ ot .some antinals oeeaslonally led to a . aocolerated rise in 
t'leir body temperature. 

niii- found .simj)Ie.st and most safisl'actoi \ was to ])laee the jiiiinea 

p. in fi small air-conditioned cahinet, illustrated in Fiji. 1.^ A liumidifior 
l auied tlic iuimidity of the eahinet at a ))oint approaehina- saturation. 
t‘Opi)er.constaiitan tliermoeouple. made with Xo. 30 B. and S aaiijie wire, 
per <U*seril)ed by Rohiiison *’ Kither rectal or snbeutaneous tem- 
^ ‘Mue mea.suremeiits were made. For rectal lemperalure meaMuvments the 
^oup 0 rectum Ihroujih a 2 mm. jilass tui)e to a depth of 

hoim^ ^ ***^‘** 'vithdrawn hy shdinji it uj) tin* wire, eaiv 

to*?r couple in place in the rectum The wires were fastened 

adiicsive tape to prevent the couple from slipping 'oiif. 

^ anjnial was allowed freedom of movement in a small oaiie within ,tiui 
11 *^’ tcmiieralure mea.suremeiits a ll/^-ineh 19 jiauiiel 

111 ^^ 1 1^^'^licd tiirouj'Ii the skin to a depth of about tliree cm. It was' re, ^ 

and tlie eoiijile wa.s in.serted in its place to a dejilli of-.twoj 
lice cm. The couple wa.s then fastened to the animal witii adhesive tajie, 

* le animal was placed in the cage within the ealiinet. 

After tile guinea jiig was [ilaecd in tlie cabinet, the gia.ss-wiiidowed doors, 
^^cimittiiijr observation of the animal, were closed, and the heat and humiclificr 
oil- Tlie ealiinet temjieralure was raised to from 96 to 102° F. 

( ly Jigjjj regulated liy tiie rlieoslat’ was adjusted to iirodiu-e a .^Iow iiieik'a^k',* 

‘I constant temperature, as found nec<i.s.sary to give tlic desired degree of 
Pcipyrexia. For maintaining ' the animal at the desired temperatui-'e. the 
<^nct temperature was u.snally lowered several deg'reh.s' hy 'i-'emoval of'thd 
®*°PPers from tlie veiitilatoi-s. The'Iunnidifier maintained the hiimidif\t 
to 100 per cent of saturation throughout the fever .session. Trials willf 
oiauil animals preceded'each experiment in which a different leniperatiire ’was 
^ • T’his w’as done to determine tlie best method tor legul.ifriiir the e.iliiiief 


• Cim-'in heating device was installed b> Mr Edwin SitlU.. j. 
'-•nn.itl, Ohio, foinioily .iN^oci.ited with the Ivetteiinif luf.itute for iledj 


Ldj« siieiiii 

Ml Itufe.exl),} . 
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G - 15 W. BULB FOR I.V. INJECTION 
H - VENTILATORS ADJUSTABLE WITH 

RUBBER STOPPERS 
I - THERMOCOUPLE LEADS 
J - I 1/4" DIAMETER BRASS TUBE 

Fig. 1. — ^Diagramatic drawing of the small animal cabinet used for producing hyper- 
pyrexia in guinea pigs. 


temperature to obtain satisfactory induction and maintenance of fever. Too 
rapid a rise in the rectal temperature caused by too high a cabinet temperature 
and sudden changes in cabinet temperatures were avoided. Cabinet and rectal 
temperatures were recorded at five-minute intervals. It was not possible to 
predict what cabinet temperature would raise an animal’s temperature to a 
certain height, since individual guinea pigs varied somewhat in their respoii.se 
to temperature and humidity. Typical fever curve? obtained by the use of this , 
method are given in Fig. 2. 

After the desired degree of hyperpyrc.xia had been attained and m 
tallied for the inteiwals specified in Tables I, II, and III, an assistant ipi 
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removed tlie animal, placed its nose and muiilli in a sliorl Inass Inbo 1% in in 
diamelc, leadinf; info tlm ealnnel. This .anli.n, was lalren lo prevent the 
animal iroin breathing the eooler air of the mom dninim inieetion. Tlie iniec- 
tioii was made into an ear vein, and the animal was returned lo the eabinet iiii- 
mediafely. A 15 watt bulb fastened lo the eabinet jiisl below the guinea pirn’s 
ear facilitated injection. -Removal of the animal from tlie eabinet. injection and 
return to the cabinet usually mpiired less fhmi ll.ree minutes The injection 



2. — Kectal and cnlnnet teniperatuies during fever tieatinont of guintsi pigs. 


was made witli a 0.5 or 1.0 c.c. sj-riiigc and a slioit leveled 27 gauge needle. 

Jve minutes alter the injection was made, tiio cabinet door.s were opened and 
! ^ ^^’^Gscence was allowed to take place spontaneously. Thirty to .sixty minutes 
^ er the animal was transferred to its cage. Tho.<5e animals that recovered lost 
^''Cight for from 48 to 72 liours, but usually attained tlieir piefever weiglit witli 
a week. 

The arbitrary metliod of recording the severity of anaphylaxis was ■ 

follows : 

Severe: Severe respiratory di.strcss in which the animal coughed, scratch 
nose, hunched up, and ga.sped for breath. Cyanossis was marked, and t 
animal was prostrated. This was followed by death or recovery. 

^federate: Eespiratory distress of sborter duration in which the auim 
coughed and scratched its nose but was not prostrated. Cyanosis was sligli 

01* absent. 
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Sliglit; The fur wiis milled j slight respiratory symptoms were evident as 
mdicated by scratcliiii!} tlio nose or siieeziiu;. The animal was usually excited. 
Cyanosi.s and eongliinf; were not observed. 


EXfKBIMENTAn 


live sensitized guinea pigs were artifieially fevered to rectal temperatures 
of 10S“ P., and each was injeeted with a dose of liorse scrum lethal for 80 to 
00 per cent of tlie control uiifevered aniiiials In tins experiment the animals 
"ere restrained as previously described. As shown in Talile .T, exp. 1, three 
miimals which developed severe syiiijitoiiis of anaphylaxis died within four 
rainiites, while two developed moderate sjnnptoni.s of anaphylaxis and recovered, 
le fi\e control animals died in less than five minutes. Wlicn five animals were 
e\eied to 108° P. but ^vere not restrained, the same number of deaths occurred 
'n the fevered and the control groups (Table I, exp. 2). Tliose experiments 
show that little proteetion is afforded by a fever Icmperalure of 108° P. ■when a 
atal (lose of seimm is given as soon jis this temperature is attained. 


sensitized guinea pigs wore then fevered to rectal temperatures of 
^ F. and immediately injected with a dose of hoi’so serum lethal for the 
eontiol unfevered animals. Table I, cxj). 3, shows that in this group in which 
jo animals were restrained during induction of fever, none of the animals died 
0^ acute anaphylactic shock, although three died 3 to 24 hours later and two 
recovered. Tiiose results indicate that this temperature affords some proteetion 
Against acute anaphylactic sliock. In tliis and later experiments no correlation 
''as found between tlie severity of shock and deatli 1 to 24 hours later. 


Three groups of sensitized guinea pigs were tlicn fevered to 110° P., and 
soon as this temperature was attained a lethal dose of liorsc serum was in- 
jeeted. In these and subsequent experiments the animals were not restrained. 
^ experiment 4 subcutaneous temperature measurements were taken, while in 
experiments 5 and 6 rectal temperature measurements were made. In these 
fee experiments in whicli a total of 15 animals were used, only one animal 
^ O'ved severe symptoms; five showed moderate, seven slight, and two no symp- 
onis of shock, indicating that a certain degi-ec of protection is also afforded at 
•''s temperature. There seemed to be no significant difference in protection, 
'V ether the temperature was taken by the subcutaneous or by the rectal route. 
^ ^uotlier experiment subcutaneous and rectal temperatures were compared in 
oiir guinea pigs during induction of fever. The results which are not given in 
'ktail indicated that after a rectal temperature of 106° F. was attained, the 
Jeutaueous temperature in three animals was from 1,5 to 2.0° lower than tlie 
^■ectal temperature. In the other animal the subcutaneous and rectal tempera- 
were equal throughout the induction period. 


f attempt was then made to determine whether deatlLs from 1 to 24 hours 
ollowing administration of serum were due to fever. Five sensitized guinea 
h‘gs were fevered to 110° P. and at the height of fever were injected witli 
saline. As shown in Table I, exp, 7, none of these animals died, indicating that 
Ole late deaths were probably due not to fever but to anapliylactic shock or 
aiiaphyliictic shock superimposed on fever. 
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GOTTSCIIALL, KT • \«Tii.-Tfin t t >• 

> ... AKriHriALL\ INDUCED I’EVER gOj 

eabinot was l.eated to fron. u' o 1 "o The lutmidified 

for 15 minutes. At tins ti,„„ ti. • \ ‘ ‘ "’ere placed in it 

111° P. A lethal dose nf l *'" “ temperaturc.s varied from 109 to 

K.= :;s ss“ li 

serum. '’ceeiving the assaulting dose of 

teu.perature of 

"■as afforded hv maiut iiuiu- tl 'vhethcr better protection 

<aercly hrinmn'. the m n t” ' “ le.nperatnre for 30 minutes than by 

immcLtely" The da e • hijeoting the specific antigen 

'his loSatnrc f r 3o"‘™'‘ '"aintonance of 

injection of serum is nr, sl'sldb’ i'etler protection than if the 

seium Ls made a.s soon as 109° F. is reached. 

™ent attc'ScndmtfrwhicI^ hy longer treat- 

t^iem to these tomnoratiirpc i was not aflorded by jiicrcly briii'jins 

to these series iow .n t ' n m''"’'’ «« 

Of acute ananhvlaetin -h T^' animals died 

*0 24 lioui-s aftni- rr «ltliou«h one to tliree of eacli group died wifliin 1 

‘ho eontrols -.ZlT'l P"'’ eent of 

erfor 60 minute.s at 107° P ,l 

brought fn tnm . " ’ ^fP'e protective effect is obtained as if thev are 

immediai 

edminist'SofoV/nl”™" A'lid balance is maintained bv . 

""fortunately mlt " '‘"‘'".‘'‘“"t f P"" e""! saline and other fluids, but 
h’ive guinea n,v! T f"™" “eatment. 

return iXnmdnnr,? ^ ‘=-"- 1'"""" vk 

of 107° p f. pn \ '^mediately before being fevered at a temperature 
"tes, one diert i /'"n "■'‘Pe*''"'""! '"’o animals died within 10 min- 

eovered indimf ”*7^. "‘l">i"ist''alion of horse scrum, and two re- 

t'eatnicnt difl* "'lee'’"" ®f normal guinea pig serum previous to fever 

g.^ did not eliminate shock or late deaths 

Orably an of the guinea pigs in the former e.\periinents varied eonsid- 

fover was eomnn^r-'™* <lose""itiiiation by artificially indueed 

fevered to reptoi 3’oung and in old guinea pigs These animals were 

fo" 30 minntn. ""’P'P’"ftires of 108° P., and this temperature was maintained 
“°o of the V ’ 'vhicli a lethal dose of horse serum was injeeted. Tlie 

'voelcs, and tl*”^"^ gi'omp, composed of four niale.s and two females, was seven 
apnrovimnt^u'^ oomposod of sLv females and two males, 

animals are m i''' The results given in Table III show that young 

""hnals showerr ' .™‘’™ ‘f'®ouU to protect than old ones. Four of the young 
'""in. while ii fi^'^'i i** s.vmptoins and two sliowcd moderate anaphylactic .symp- 
■‘‘•'’'"lUoms of' I " d"" sroiip, one showed severe, one moderate, and four slight 
1 sliock, while two were eompletcly jirnteeled. Two of the young 
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animals died within four minutes and one within 24 hours, whereas none of the 
older annuals siieeumbed. The lethal dose of serum for the young animals ivas 
from 0.075 to 0.1 c.c., and for the older group it was from 0.35 to 0.75 c.e. It 
appeals, therefore, that older animals do not heeonie very sensitive and are 
easily desensitized, while young animals become veiy sensitive and are also more 
difficult to desensitize. 

Most of the fevered and control animals that died witiiin 1 to 24 liouis 
were autopsied. The gross findings revealed marked congestion of tlie peritoneal 
wall, intestines, and stomach. In most eases tlie liver, spleen, kidneys, and 
lungs did not appear abnoimal. A study of histologic .sections of these tissues 
by one of us (H.E.C.) indicated that there was no e.s.sential difference between 
the findings in fevered and unfevered animals, except for a larger amount of 
lymphoid tissue in the lungs of all of the fevered animals dying within 12 hours. 
In general, significant histologic changes were confined to the lungs, kidnei-, 
liver, and spleen. In animals dead rvithin 1 to 24 hours, varyhig degrees of ex- 
travasation of blood into the pulmonary alveoli and into the parenchyma of the 
medullary portion of the kidney, the liver, and the spleen were seen. Occa- 
sionally there were cuff hemorrhages in the cortex of tlie brain and some hemor- 
rhage in glomenilar spaces of the kidney. Evidences of smooth muscle spasm 
in the form of constricted pulmonary arterioles or bronchi were not a prominent 
or consistent finding. As the time interval between fever and death lengthened, 
the picture changed somewhat. Extensive hemorrhage in lungs, kidnej’’, and 
spleen became the most prominent feature, and blood pigment was seen through- 
out these organs. Degenerative changes of both fatty and granular type were 
seen in the liver. 

DISCUSSION 


Kendell and Simpson"' have shown that luetic jiatients sensitive to arsenical 
drugs can tolerate large doses of these chemicals during hyperpyrexia at tem- 
peratures 7.4 to 7.9° P. above the normal temperature (106.0 to 106.5° F.). 
Since the mean rectal temperature of a group of 57 of our normal guinea pigs 
at an environmental temperature of 65° P. was 102. S° P., the guinea pig tem- 
perature corresponding to the temperature used in treatment of human patients 


would be approximately 110° P. At this temperature we have obtained pro- 
tection against acute anaphylactic deaths. While 110° P’. in the guinea pig 
corresponds to the temperature at which human patients are treated, it did not 
appear that our animals could tolerate this temperature for any length of time 
because some of them were weak and listless. Tliey did not, however, diag 
their hind feet as if paralvzed as described by Goldman,’ although this was oc- 
casionally observed after the assaulting dose of horse serum had been given. 

Deaths 1 to 24 hours following administration of serum in fevered guinea 
pi^s have been encountered. These deaths did not occur when sensitized gumea 
ni^s were fevered and iipjected only with saline. Furthermore, late deaths lime 
Mt occurred in those animals used for trial runs to determine the Jest method 
ior regulating the cabinet temperature to obtain satistactory induction and 
maintenance of fever, nor in those animals which were fevered but for so i 
reason were not injected with seimm. Neither do kte deatlns oeenv 
qiiently when unfevered sensitized gumea pigs are injected intiaieno • . 
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horse sennn, jus shown by the protocols of (lie eoutrol jitiiinals uivcii in Tables I, 
II, and III. Since tliese late deaths arc not <lue to fcvei’ and do not occur very 
frequently in iinfevered sensitized guinea pigs injected witli serum, they are 
probably (he result of anaphylactic shock supcrinii)osciI on fever. It is sug- 
gested that these late deaths constitute another typo of anaphylactic effect. 

In our experiments three gmups of animals of different ages were fevered 
at 108° F., and this temperature was maintaine<l for 30 minutes before the as- 
saulting dose of liorsc .serum was administered One gi'oii]) wa.s seven weeks old, 
the otlier approximately 16 weeks (Tabic II,..exp. 3), and tlie oldest group was 
112 weeks of age. The 7-week-old animals obtained the least protection by this 
treatment; tlie 112-wcek-old animals, the most protection; wliile the 16-week-old 
animals were belter protected than the youngest grou]) of animals, but not as 
well protected ns the oldest group. 


.SUMMARY 

Sensitivity to horse scrum in mature serum-sensitive guinea pigs is siip- 
pre.ssod by artificially induced fever lemiieratinvs of 10.0 or 110° F. wJien tlic 
serum Is injected as soon as these teinpcraluros me attained 

B’ever temperatures of 108° F. do not suppress anaphylactic shock if the 
animahj are injected with serum as soon as they reach this temperature, hut if 
this temperature is maintained for 30 minutes a certain degree of protection is 
afforded. 

Serum-sensitive guinea pigs, 112 weeks old, are more readily protected than 
young guinea pigs, 7 weclcs old, when subjected to a fever temperature of 108° 
for 30 minutes. 
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THE CLUMPING OP ERYTHROCYTES IN HAYEM’S DILUTING FLUID: 
A GRAVE PROGNOSTIC SIGN*' 


Eugene De Angelis, iLD., and jMildred Huntsinger, Ph.D., 

Yonkers, N. Y. 


T he clumping’ of red cells, occasionallj’’ seen in Hayem’s diluting fluid wlien 
peiToz’miiig an eiythrocyte count, is a phenomenon wliicli has been knoum 
for a number of years and has been observed in vailous pathologic conditions. 
This phenomenon is not uncommon and in our opinion lias not received due 
consideration as a possible grave prognostic sign. 

In his book, GradwohP reported, purely as a matter of record ratlier than 
as a diagnostic measure, three independent cases of clinical and pathologic 
Hodgkin’s disease in which a peculiar condition of the red cells was noted. 
Distinct clumping of the cells occuiTed when the blood was diluted with 
Hayem’s solution, making it difficult to perfoi-m an aceiu-ate erythrocyte eoimt. 
The blood did not display any clumping in these cases, however, when diluted 
with a 2.5 per cent citrate of soda solution. 

Ki-acke and Hoffman- in reporting a ease state that “the erythrocyte count 
was impossible ndh Hayem’s diluting fluid because of marked clumping of the 
cells. A slight amount was present even when normal saline was used.’’ 
Other similar reports are included with our observations in Table I. 

Since no references in the literature were found attaching any ijroguostic 
importance to this manifestation, we considered it worth while to report some 
preliminaiy observations. 

DESCRIPTION 


In the clumping of the eiythrocytes in Hayem’s solution in the red blood 
cell pipette, the clumps, grossly, are small but vary in number and size, the 
larger ones sedhnenting rapidly. (Pig. 1) They occur soon after dilution and 
appear to be permanent. Microscopically they appear as irregular entangled 
masses of red blood cells; some contain only a few cells, others a great many. 
As noted earlier, this definitely interferes with an accurate cell count, to a 
greater or lesser degree depending on the intensity of the reaction, which varies 
in different cases. 

OCCURRENCE AND THEORY 


The condition has been foimd to occur in a great number of entirely 
different diseases; however, we believe it to he based on the same fvmdamental 
blood change. In our study the cause was not determined, and although in 
some eases Tt might have been due to autoagglutiuation, in most instances it was 
probably an exaggeration of rouleau formation. This formation of irregular 


•Erom the Department of Pathology. West Virginia University Medical School, and St. 
John’s lUvers'ide Hospital, Yonkers, New York. 

Rece'ived lor publication, Dec, 20, 1913. 
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clumping sometimes simulates time aggliitinaUiui. hut is more properly called 
“pseudoagglutination/’ Belk® points out that “dijforeuces of opinion exist as 
to whether the patliologie cold agglutinatam and ronleau-forming substance 
are tlie same.” lie show.s evidence that then- is a did'ercnec. No doubt some 
coses of clumping of eiythroeytcs in Ilayem s dilutnn: fluid arc brought about 
by autoagglutination, but most cases of autoacuhituintam have not shouii this 
display. 



It has been found to occur in all ages of boih sexes aim tn vaisous races 
(white, Negro, Indian.) Attempts to convlate this jjla-nonienou with changes 

Taoli: I A 

' D.m Showing Clcmi’INo op EuvTm:oev'(i« r if 'M m's 
SOLimON IN iNPrCTHiNs 


DIS£IASE 


Pneumonia 

Bronchopneumonia 

3. Lunj; atjMjesa 

4. Staphylococcus 

5. Streptococcus 

6. Suhacuto bact* 

Puerperal sepsis 

8. Abscess of kidney 

(Polycystic Iddney and liver disease) 

9. Pyelonephritis — ^Bilateral (renal ealenh) 

10. Pyonephrosis 

11* Pyelitis (also diabetes) 

1-. Acute purulent otitis media (Staphylococcus 
septicemia) 

tS. Blcerativo colitis 

14. Upper respiratory infection (child) 

nr' (following appendicitis) 

1 ^' ab&cess 
1 C adenitis (child) 

18. Salprogitia 

ii‘ (typol) 

-y- Nephritis 

artiiritis (truuafusiuua) 
oV y'^keystitis (transfusions) 

UUronic hemolytic anemia^ 

Atypical nneumonia (acrocyanosis following)^ 


OUTCOitB 


fl7 \Ti. of 
age) 


(Age 4) 


(Age 4) 


L^N KNOWN 
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ill the blood protein, iionprotein nitrogen, sugar, white ceU and differential 
counts, eiythiocyte count, platelet count, blood groujis, pathologic urine findings, 
fevei, blood transfusion, etc., have failed. It may be associated with a high 
sedimentation rate and increased plasma protein, but it may also be seen with 
normal or even low protein levels. 


Table I B 


Data Showing CirairiNG ov EuYTiiiiocYTEs in Hayeh ’s 
Solution in Neoplasms and jAllied Diseases 


DISEASE 


OUTCOME 


DEAD 

LIVING 

UNKNOWN 

1. Adenocarcinoma of stomach 

1 



2. Scirrhous carcinoma of stomach 

1 



3. Cancer of breast — carcinomatosis 

2 



(1 had secondaiy thrombopenic purpura) 




4. Cancer of pancreas 

1 



5. Cancer of kidney — carcinomatosis 

1 



6. Cancer of throat 

1 



7. Cancer ampulla of Vater 

1 



8. Brain tumor (type?) 

1 



9. Lymphatic leueemia (chronic) 

o 



(i liad lobar pneumonia) 




10. Chronic leueemia (type?)'* 

1 



11. Myelogenous leueemia 

1 



Myeloid leucopenic 

1 



Leucopenic with secondary thrombopenic 

1 



purpura 




12. Hodgkin’s disease 

3 



13. Multiple rayelomas-o 

More than 5 




(many) 



Table I C 


Data Showing Clumping op Euytukocytes in 

Hayem ’s 

Solution in Mixed, Metabolic, Noninkectious Dlseases 


OUTCOStE 


DEAD 

LIVING 

UNKNOWN 

1. Cardiac (chronic) failure 

2 



2. Several transfusions (reason unknowm) 

1 



3. Bums 


1 




(Aged lU 




years) 


4. Diabetes 

1 



IVitli cholecystitis and coronary occlusion 

1 



Cardiorenal vascular disease 

1 



5. Pernicious anemia 

1 



6. Anaphylactoid purpura 

1 



(terminal subacute glomerulonephritis, hepa- 




titis, and bronchopneumonia) 




7. Essential hypertension 

O 



8. Chronic nephritis 

1 



(acute pericarditis, terminal) 




9. Eaynaud’s diseasou> 


1 


10. Benzene poisoning 

1 



(thrombopenic purpura) 




Tables I and II siinuuavize the number and types of case.s in 

wliieli this 


reaction has been observed by us. In view of the number and variety of differ- 
ent diseases reported, it was not considered necessary to give complete case re- 
ports. 
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Taulk II 

Data ok T«)tat. Xfmhh: CA.shs 




nuGxosEP 

UNDIAGNOSED 

Total casc.s 

105 

72 

33 

Known dead 

70 • 

00 

10 

Known recovered 

1.3 

7 

0 

Outcome unknown 

10 

5 

11 


I*)?0(JNOSTIC SION IFU’ \ NCKS 

When this plicnonienou oeeiii’s in a palieiil and is particularly intense, the 
usual outcome is death. Unfortunately it may make its appearance days, weeks, 
or even inontlis before tlic patient’s time of deatli. Althougli seen in all age 
groups, it is definitely more important and less viiriable in older age groups. 
The majority of eases in which the patient was known to have recovered were 
children. It Is worthy of note that the reaction was reversible in cases where 
death did not occur. lu general, .slight or weak reactions were oliserved in ca.sc.s 
that recovered, while strong reactions practically always indicated death as tlic 
final outcome. 

SUilMAKV 

A phenomenon, namely tlie clumping of erythrocytes in Hayem’s diluting 
fluid wlien performing a ro<l cell count, has been described, and patiiologic .states 
in wliich it occiu's have been tabulated. The possilfle importance of this Jihe- 
nomcuon as a grave prognostic .sign is offered. 

A recent paper liy Shone and Pa-ssmore’^ reveals that iuitohemagghitiiintion 
is found almo.st constantly in atyiiieal pneumonia, lieing more ])ronounced in 
the severe easo.s. Tln.s apparently minimizes the gravoness of the phenomenon, 
but stimulates fresh interest for the study of tiie fvuidiuuental manifestation. 

The authors uLsh to thank Major Cuniu'lo Pe Wa>Umgton, I> C\,an.l III. Pcicival 

Mue kaclihiii, Morgantown, W. Va., for thei> valuahU* lielp in piei'amig tlll^ pajH*) 
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REACTIONS IN THE BLOOD AND ORGANS OF DOGS ON 
INTRAVENOUS INJECTION OP A SOLUTION 
OF HEMOGLOBIN* 


W. C. Hui*;pek, j\I.D., New Yobk, N. Y. 


""pHE presence of free hemoglobin in the blood plasma may be the result 
i. of poisonings (potassium chlorate, hydrogen arsenide, phenylhydrazine, 
naphthol, toluylene diamine, saponin, photodynamic fluorescent hydrocarbons 
and dyes [sulfonamides, acridine dyes]), black water fever, parox 5 'smal and cold 
hemoglobinemia, and resorption of large internal hemorrhages. In recent 
years hemoglobinemia has assumed an increased sigiiificance, because it may 
follow upon the transfusion of incompatible blood or of hemolyzed Mood. At- 
tempts have also been made to use solutions of hemoglobin freed from cellular 
stromata as a substitute for whole blood and plasma in the treatment of shock 
(Ambei’son;^ Cannan;- 0 ’Shaughnessy, Mansell, and Slome^). Such solutions 
can carry cxj^gen and maintain colloidal osmotic pressure for a period of up 
to 36 hours, after which they become ineffective because of the transformation 
of hemoglobin into methemoglobin and the escape of the injected hemoglobin 
from the blood with subsequent elimination through the kidneys (Lichty, Havill, 
and Whipple;^ Klingmiiller;^ LaCoste, Aubertin, and Castagnou;® Yuile, Stein- 
mann, Hahn, and Clark;" Gilligan, Altschule, and Katersky;® Hesse and 
Filatov*’). 

While it is a well-established fact that the intravascular hemolysis or the 
injection of hemolyzed blood may give rise to severe reactions, ijartieulaily 
anuria, caused by the blockage of the tubidar lumina by hemoglobinous pigmenls 
and cellular detritus, such complicatiojis are less frequent or entirely lacking 
when solutions of pure hemoglobin are introduced (DeGowin, Osterliagen, and 
Andersch;*“’ DeGowin, Warner, and Randall 0 ’Shaughnes.s 3 ', Jlansell, and 
Slome®). In view of the practical and scientific significance of this aspect and 
as an additional contribution to the study on the effects of parenterally injected 
macromolecular substances (Hueper*"), solutions of hemoglobin were injected in- 
to the veins of dogs. 

EXPEKDIENTAL PKOCEDUKE 

A 2 per cent solution of hemoglobin (hemoglobin, pure, scales (Pfanstiehl) ) 
in normal saline was injected into the jugular veins of three dogs (8.2 kg. to 10 
kg.). One dog received 7 c.c. and two dogs 20 c.e. each of this solution. Blood 
studies were made 5, 15, 30, and 60 minutes, 2, i, and 24 hours later to ascer- 
tain the acute hematic reactions. After an interval of three daj's, increasing 
amounts of hemoglobin solution were introduced daily five times per week and 
the blood was examined in weekly intervals. The individual dose was graduallj 

^om the Warner Institute for TherapeuUc Researcii, 113 West Eighteenth Street. 

Keceived for publication, Dec. 3, 1913. 


62S 



nUK.KK: .XT«.WKXOUS IX.K.T>OX SOU.X.OX OK ,.K.oo,,o,ox 
I'uised to 70 u.t*. witJiiji y UTokK Tlw. 

ilie injtctions were usually well t(ilci-iii',l o , • n i 
a short atfaelt of dyspnea ranid mil i ' li'ore occurred 

week of iuieeiions r; ■ ■ 

of ti.a.me„t the three dogs lost fo.; oi ^ 

, acute HEacrtoxs .pteu the i.vrauKM,, s cvn-CTiox op .v s.x<n.E 

UOSE OF Hj;.Mo«i.onix mim-tiii.v 

liemoglobin coS-nfof Iho hlooTwarineril!™ In «»o 

fi«t4homxand s nh l , ' T" ‘>>'eing the 

1.S million) S o nun her n ’"' -ryth,.,, .uos (increases up to 

StolSminutes aLrd , ini V "" 

of 7,700 to 11 400 This *“ 

evtnsis nf i’ ' ^ ^ Icucopciiia was accoiiipunied hy a relative Ivinnho- 

offer 30 minutcrilM!,Vr‘''’"ft’"''’^' ‘’o-establishcd 

with OO „ e llV 1 ' 1 "■ -’"■or two dogs ivhieh were injected 

hour "tit i In "'J-’otion. Ail three doss revealed in fiie 24- 

immature lueoeS™^ '" ^ "" 

period 24-hour 
lion of th 1 ""’-’-'■■■■’tely accelerated sedimenta- 

The emmU (f® to 14 iiini. Wintrohe-Landsherg hematocrit tubes). 

minuTe,°7ff' " n "" .’■‘■"loi’io" "’ithin normal limits in two dog.s but showed 60 
do-whieh 1 ‘i® "’irction an e-xeessive lengthening (np to 2 hours) in the 
iirsll It 1 ^ i’amoeiastic crisis. Normal values were present 

tlin* 24-hour period. Tlie pla.sma viscosity, determined witli 

r vrscosimeter of Hess, remained within normal limit.s. 


hematic BEACTION.S .IFTEK KEFE-ITED IKTB.\Vt;NOUS INJECTIOXS 
OF IIEMOGLOBtX SOI.UTION 

but 3m ’■-i’.^^ted intravenous injection of hemoglobin solution caused a .slow 
Cvtc3 "’■op the amount of hemoglobin, in the number of erytliro- 

matew“ The hemoglobin was reduced by appro.xi- 

the ^ of its original value toward tlie end of tiie 6-wee!c period, while 

more't?nT '’’■>'"”'‘’oytes had decreased hy appimimately the same value or 
and KHonn'* '^*’0 number of leucocytes fluctuated between 12,000 

u t>B,uuU and was usually between 20,000 and 30,000. The sedimentation rate 
tim consistently accelerated (30 to 55 mm.). Tlie coagulation 

0 and plasma viscosity remained within norma! limits. 
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PATHOLOGY 

The organs of the three dogs were grossly normal. Upon histologic 
examination the brain of one dog showed a moderately dense lymphocytic in- 
filtration of the meninges and relatively dense perivascular lymphocytic ac- 
cumulations around many of the intracerebral vessels. In some areas of the 
cortex there was a proliferation of capillaries and an increase of glia cells. The 
brains of the other two dogs were normal. The outer media of the aortas of two 
dogs showed in the region of the arch a crescent-shaped, large, hyaline, fibro- 
hyaline, or miicohyaline area which contained an increased number of vasa 
vasorum with thickened walls and a moderate lympJioid cell infiltration. The 
inner media of the ascending aorta revealed a moderate to marked mucoid in- 
filtration. The descending aorta was normal as were tlie larger aortic branches 
(carotid arteiy, femoral artery). The livers contained groups of Knpffer cells 
heavily loaded ivith a dark brown amorphous pigment. These storage phenomena 
were moderately frequent in the lii'er of one dog and scanty in those of tlie 
other two dogs. The liver cells of the three dogs had an almost unstained, 
coai-sely flakj'' cytoplasm. The reticulum cells of the splenic pulp contained large 
amounts of brown pigment in one dog, scanty amounts in a second dog, and 
were almost free from pigment in the third dog. This animal, howe^'er, showed 
numerous megakaryoejdes scattered throughout the pulp. The kidneys of two 
dogs were normal, while those of the third dog revealed moderate vacuolar 
changes in the tubidar epithelium. None contained any brown pigment in the 
tubular epithelium or tubular lumina. The arteriolar walls in the testis of the 
one male dog were thickened and showed small, tongue-like endothelial processes. 
All other organs (hypophysis, thyroid, heart, lung, pancreas, stomach, intestine, 
adrenals, prostate, bladder) were normal. The bone marrow of the sternum 
consisted of a dense immature myeloid tissue. 

comiENT 

The recorded observations show that the intravenous introduction of a 
relatively small amount of a comparatively dilute hemoglobin solution elicits a 
typical hemoclastic crisis, such as noted previously after the administration of 
other macromolecular substances (Hueper^-). This hematic reaction is charac- 
terized by a primary transitory leucopenia with relative lymphocytosis, a 
secondary leucocytosis mth absolute neutrophilia, increased sedimentation rate, 
and lengthened coagulation time. The moderate loss of body weight, the pro- 
gressive and appreciable reduction in the number of erythrocytes and of the 
amount of hemoglobin, the considerable acceleration of the erythrocytic sedi- 
mentation, and the, at times, excessive leucocytosis represent manifestations 
following the repeated and prolonged intravenous administration of macro- 
molecular material. It may be added that Gilligan, Altschule, and Katerskj^^ 
under similar experimental conditions in man, and Ynile, Steinmann, Hahn, an 
■ Clark- found in dogs a lowering of the excretion threshold of the kidneys for 

hemoglobin. 

It is remarkable that the histologic study of the vaimus organs of the three 
dogs produced relatively little anatomic evidence pointing to a toxic action o 
the injected hemoglobin. It may be possible that the coarsely flaked appearance 
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of the liver cells iiu]icalc.s Ihe presence of an exfraiu.ou.s proteinic matter inter- 

t 1 ^ f on the other liaml, are not 

T k n. ^' functional .lamane to these organs, 

comnlete pf 0 '"'“'' “"J’ significant lesions and slioived a 

Uhl 1 1 fn'nilar epithelium and 


It IS uncertain whether or not the incnnigo-enceplialitis e.visting in one 
dog the medial degenerations in the aorta of ail three dogs, and the arteriolar 
hickenings in the testes of the one male dog Inivc anj- causal connection with 
ho treatment given or are coincidental findings. It mav lie mentioned in this 
coimection, howevei^ that Gilligan, Altschulc, and Ivatorsky’ reported the oc- 
currence of cramps in patients injected with hemoglobin solution and that Hesse 
and Filatov” observed marked spasms of the renal arterioles after the injection 
of hcinofjlol)!!! solutions into niiimals, wliilo von Beu-nesy'^ noted in a case of 
hemoglobineniia due to naplitliol poisoning a hoino<;lohiiious imbibition of the 
aortic wall. 


CONCLUSIONS 

1. The intravenous iujeetiou of hemoglobin dissolved in normal saline elicits 
a hemoclastic crisis followed by a leucocytosis within 24 hours, 

2. Two of tliG tlirce dogs used showed after tlie first injection an untoward 
leaction (dyspnea, rapid pulse, vomiting, bowel niovoincnl, urination, restless- 
ness). None of tiie subse<LUcnt 27 injections was followed by such a lusponso. 

3. Repeated daily injections of hemoglobin solutions cause loss of weight, a 
considerable decrease in the number of erythrocytes and in the amount of hemo- 
globin, appi’eeiable and, ut times, excessive leucocytosis. and markedly ac- 
celerated eiytlirocytic sedimentation. 

Tliere was no formation of heinoglobiiious casts in the tubular lumina 
nnd only a mild to moderate deposition of a hemoglobinous pigment in the liver 
nnd spleen. 

5. The acute and chronic hematic and organic reactions follow in many 
lespeets the pattern set by observations made following the intravenous intro- 
duction of other macromolcoular substances 
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CLINICAL CHEMISTRY 


ASSAY 01-' KKNIN SUBSTRATR BY BOW TI'ntPKl!ATURK 
INCrUBATION WITri RRN'IX*' 


liKO jV. S.M’iKCTKix, Ph.D., Rachai-i. K, Ri;i;ii. A B . 
R. I). SouTiiAHH, Jii., A.B.. BEKKi:(.in, 


T he formation of aiigiotoiiiii by the reaelion lictHei-n n iiin anti renin sub- 
strate lias been establisliod to bo cnzjnnatic in natiiru (Plcntl and Page*) 
(Leloir, el al.”). When tissue extracts are used as sonriis of renin and renin 
substrate, destruction of the angiotonin formed by this reaction occurs througli 
the agency of tlio enzyme Jiypertensinase (Fa.sciolo, J-cloir, and 3Iunoz“) 
[angiotonaso] (Iloliner, ICohlstaedt, and Page *). 

Renin and renin substrate are most conveniently assayed by determination 
of the angiotonin produced liy their interaction. For tlie determination of renin, 
excess siiKstrate is used, and the angiotonin produced i.s’ measured after con- 
stant incubation time (Leloir, lifunoz, Braun-^Ienendez, and Faseiolo*). Renin 
substrate i.s dcterniined by incubating it with e.xeess renin and measuring the 
angiotonin pi-oduecd after tbo reaction ha.s gone to completion.* 

In .sueb methods, an accurate a.ssay dei)end.s on the conversion of renin 
substrate to angiotonin ivithout consequent destntetwn of the angiotonin hij 
^ypertensinase. This may be accomplished by destroying the byijertensinase 
present in tissue extracts. Two methods for inducing this destruction huA^e been 
described (DelPoro and Braun-Mcnendez;** and Braun-JIcncndez'*), but im- 
fortunatoly one of the methods results in partial destruction of renin substrate 
and. is therefore useless when renin substrate determinations are desired, and 
the other lia.s foiled, in our hands, to destroy hyperleusinase activity completely. 

Page and Hehuer* have demonstrated that tlie reaction between renin and 
renin substrate is decelerated but not stopped liy decreasing the inculmtion 
temperature to 0° C. Furthermore, thev ohseiu'ed no destruction of angiotonin 
ill the time of their run (1% hours). 'We have repeated and extended these 
observations, and have demonstrated that a decrease in tenijierature inhibits 
the destruction of angiotonin by hypertensinase far more tlian it does its 
formation by the romn-reuin substrate reaetiou. -It 0“ C the former reaction 
is entirely arrested, while the latter coiitiuue.s to completion, though at a 
dhiiinished rate. We have made use of this pheiiomcuoii in the development ol 
a techn ique for tlie ipiaiititative assay of renin activator. 

•From the Division of Physlologj-. University of California AIcclical School. 

Received for publication, March 25, 1914. 
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MATERIALS 

1. Senin: 

Renin of sufficient purity for the present experiments and for ordinar 3 ’ 
pharmacologic investigations can be prepared in 2 to 12 iiours (depending on 
the size of the batch) by the following technique : 

Hog kidney (meat market kidneys are satisfactory) is ground through a 
meat grinder and agitated with five times its weight of 2 per cent NaCI. The 
mixture is run through a colloid mill, or blended with ice in a Waring blendor 
until homogenous. HCl is added witli stirring to pH 4.1. The precipitate i.s 
removed by supercentrifugation or by filtration through Hyflo Supereel. An 
equal volume of satui-ated ammonium sulfate solution is added slowly to the 
filtrate, and the precipitate which is foi-med is filtered off on Hyflo Supercel. 
The filter cake is bi-oken up, agitated with a volume of water equal to the 
original weight of kidney, and dialyzed in Visking tubing for 1 to 12 hours. 
The shorter times ma}^ be use'd if a rocking dialyzer and thin tubing are em- 
ploj^ed. The filtercel remaining in the solution is removed by filtration and the 
filtrate is saved. This solution, which is free of depressor activity and contains 
from 2 to 4 renin units (Swingle, Taylor, Collings, and Hays®) per c.c., is kept 
on ice or lyophiled. Lyophiled preparations contain approximately one gram 
of solids per pound of kidney. 

This method has been applied to the preparation of renin from dog, rat, 
and hog kidneys -with excellent results, but horse kidnej's, for imltnown reasons, 
fail to yield anj" pressor aetivit 3 L 

2. Renin substrate: 

Renin substrate may be prepared from beef serum as described previously 
(Sapirstein, Southard, and Ogden”), or it can be assayed directly in serum or 
plasma. 

3. Angiotonin; 

A standard angiotonin for control of the pressor assaj’-s is prepared from 
renin and renin substrate by incubating 1 gram of lyophiled renin with 1 liter 
of renin substrate (equivalent to 5 liters of serum) for 2 hours at 0° C. The 
reaction is stopped by the addition of sufficient 50 per cent trichloroacetic acid 
to 3 'ield a final concentration of 5 per cent. The precipitate is removed by 
filtration, and the filtrate is boiled over a free flame for 30 minutes to remove the 
trichloroacetic acid (Peters and Van Sl 3 -ke'‘’). The solution is concentrated 
until 1 e.c. represents 10 c.c. of serum. One c.c. of this solution, which is .stored 
on ice at pH 1.5 and neutralized immediately before use, contains 4 pre.ssor 
units (Braun-Menendez, et al.”) and 0.03 mg. of non-ammonia N. 

INCUBATION AND ASS.VY 3IETHODS 

One gram of the standard l 3 mphiled kidne 3 ' 2 )owder is dissolved in 100 c.c. 
of 1 per cent NaCl. One c.c. of this solution is incubated with 10 c.c. of serum, 
plasma, or concgntrated i-euin substrate for vaiying periods, and at different 
temperatures. At 0° the incubation is carried out for 0, 30, 60, 90, 120, and 
1 000 minutes; at 25° for 7, 10, 15, 22, 30, and 45 minutes; and at 37° for 0, 3, 

6 9 12, 15, and 18 minutes. The reaction is stopped hy plunging tlie tubes into 
a boiling water bath and stirring violently while they are heating. Addition of 



SAPIKSTEIN", KT AL. : .VSS.VY OF HEXIN^ SUBSTKATE 


635 


an equal volume o£ N/20 acetic acid diu-ing: the lieatiiig facilitates the precipita- 
tion and results in a clearer filtrate. The precipitate is removed by filtration 
or centrifugation and the supernatant is assayed for pressor activity. 


ESTIMATION OP PRESSOR ACTIVITY 

Cats neinbutalized with sodium pentobarbital arc used. The blood pressure 
is recorded from the carotid artery. After administration of the usual anes- 
thetic dose of sodium pentobarbital (35 mg. per kilo), the blood pressure is 
ordinarily found to be elevated and unstable and assays are inaccurate. This 
may be remedied by the slow administration of more nembutal via the femoral 
vein until the blood pressure drop.s to from 60 to SO mm. Hg. At this level the 
blood pressure remains stable and the animal is quite responsive to angiotonin. 
Chloretone anesthesia, which produces a similar .stable low pressure, has been 
found unsuitable for angiotonin assay, as the sensitivity is deerea.scd threefold 
to tenfold. 

The angiotonin content of the unknown solution is determined by com- 
parison of its pressor aotivitj’’ with that of standard angiotonin. When it has 
not been possible to obtain identieal responses from both standard and unknown, 
we have calculated the strength of the unknown angiotonin from the equation 
recommended by Braun-^Ienendez.“ 

(Pressure rise unknown)^ Units of unknown .n 

(Pre.ssnre rise .standard)* Unit.s of standard 

FINDINGS 

The curves of Fig. lA represent the angiotonin produced (plotted in 
units) at incubation temperatures of (a) 0°, (b) 25°, and (c) 37° C. In Pig. 
liS, these three curves have been collated on an arbitrary, sliding time scale, all 
times being repre.sented as the percentage of average value of the time required 
for maximum formation of angiotonin at each temperature. 


Table I 

Ammoniusi Sulfatk Fr^vcxioxation of Kenin Suustrate in Beef Serum 


FRACTION 

(NU«),SO« 

concentration 

RENIN SURSTRATB 
(UNITS/oO C.C. SEKU.M) 

I 

0-25 

0 

II 

25-30 

1 

III 

30-33 

'2 

IV 

33-3U 

S 

V 

• 36-40 

5 

VI 

40-50 

1 


These results confirm those of Schales.** 


It may be seen by in.speetion of Curve 17i tiiat the ratio 


of angiotonin 
of angiotonin 


rate of destruction 
rate of formation 


decreases with temperature and that it assumes a value of 0 at 

0° C.; i.e., hypertensinaso activity is completely inhibited at tliis temperature. 
We have observed this elimination of hypertensinase activity in partially hemo- 
lyzed blood, and even upon incubating crude saline extracts of kidney with 
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whole blood. Since these contain large amounts of liypertensinase, it may be 
assinned that incubation at 0° C. completely inhibits the liypertensinase activity 
of tissue extracts. 

The elimination of hyperteusinase activity by 0° incubation, while renin 
activity remains, makes possible the easy, accurate assay of renin substrate by 
a procedure which prevents the destruction of formed angiotonin, and at the 
same time does not involve the partial destx'uetion of renin substrate by measures 
designed to effect the chemical destruction of hyperteusinase. 




MAXIMUM ANGIOTONIN PRODUCTION 
AT EACH TEMPERATURE 


Pig. 1 . Effect of temperature on the formation of angiotonin by the action of renin on 

renin substrate. 

A, Angiotonin production at 37°, 25°, and 0° C. plotted against time in minutes. 

B, Angiotonin production at 37°, 25° and 0° C. plotted against time as per cent of time 
required for maximum production of angiotonin at each temperature. 


APPLICATIONS 

1. Assay methods: Benin substrate can be determined in whole blood, 
serum, plasma, or substrate concentrates ndthout preliminarj^ treatment by 
the foUonung technique : 

One part of lyophiled renin (see materials) is dissolved in 100 c.e. 1 per 
cent NaCl. One c.e. of this solution is incubated with 10 c.e.- of the solution to 
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bo assayed i'or Iwo liours at 0° C. A control incubation of ;iero time is set up 
simultaucously. Tlie reaction is stopped in a boiling water bath, according to 
the techniq\ic described above. Dilution with acetic acid is desirable in the case 
of wliolc plasma or serum but unnecessary when substrate coiicentrates are 
being assayed. The supernatant solution is assayed for pressor activity as 
previously described. 

We define one unit of renin sukstratc as that amount of renin substrate 
which gives rise to one unit of angiotoiiin when the incubation is performed 
as described. 

Using this assay technique, we have determined the substrate concentra- 
tions of various fractions of beef serum obtained by fractional precipitation 
with ammonium sulfate. Our results are expressed in Table I. 

2. Preparation of angiotonin: Large batches of aiigiotonin can bo prepared 
by the 0° incubation method as described above (materials). No precautions 
are necessary to avoid hemolysis, nor is the usual rigid time control, which is 
advisable in order to stop the reaction when maximum formation of angiotonin 
lias oecurred, necessary. 

SUMJIAUY 

1. A method for the quantitative assay of renin substrate based on the 
inhil)itiou of hypertensiiiase activity at 0° C is deseril)ed. 

2. The bulk of tlie renin siibstratc of ox scrum is prccipitable between 0.33 
and 0.40 saturation uitli ammonium sulfate. 

3. Methods for the preparation of renin and angiotonin are described. 

We wish to express our thanks to Mr. A. Robinson for preparation of the figure. 
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QEmRAL 


INDIRECT SPHYGMOMANOJilBTRY 


A Physical and Physiologic Analysis and a Nkw Procedure for thi>: 
Bstijiation op Blood Pressure 


Maurice B. Rappaport, E.E., Cambridge, IMass., and 
Aldo a. Luisada, M.D., Boston, ]\Iass. 


M any sphygmomanometrie devices and methods have been devised for in- 
direct blood pressure estimation. All procedures thus far described in the 
literature cannot be considered totally free from error under clinical conditions. 
The ob.]'ect of this investigation, therefore, is to evaluate the sources of eiTor in 
the indirect sphygmomanometric methods and to suggest procedures for eliminat- 
ing or reducing the magnitude of these errors. 

To proceed with any degree of success, we found it necessary to devise an 
apparatus which could register graphically and simultaneously all of the physi- 
ologic phenomena which must be evaluated when estimating blood pressure by 
the palpatory, oscillatory, and auscultatoiy methods. Such a device, obviously, 
was intended as a means for the elimination of the human element with its sub- 
jective differences in the appreciation of the physiologic signs and to make pos- 
sible a quantitative comparison of the associated phenomena. 

review op literature 

In 1733, Stephen Hales‘ performed an experiment in which he estimated 
the blood pressure in a horse. Hales inserted a cannula into the femoral artery 
and allowed the blood to rise in a vertical tube; from the height of the blood 
colunui. Hales calculated the pressure. In 1828, Poiseuille- substituted a mer- 
cury manometer for the Hales’ tube, and in 1847 Ludwig’ devised a direct re- 
cording manometer. Faivre,"* Albert,® Muller and Blauel,® Delian, Dubus, and 
Heitz,’ continued the work. 

In recent years, many retinements have been added to the Hales’ apparatus. 
Some of the better known investigatore who have made worth-while contribu- 
tions to the art are Galata,® Poillet, Dodel and Boucomont,® van Bogaert, 
Beerens, Lequime and Samain,’® Giroux, ’= Dameshek and Loman,” Hamilton, 
Brewer, and Brotman,“ and Macleod and Colm.« 

It is generally agreed that the direct communication method between artery 
and registration device is the most accurate means for measuring blood pressure. 
Possible errors in the direct method due to nonabsolute transmission of pres- 
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sure from artery to instrument, spastic contraction of the artery in which the 
caimula has been introduced, psychic factors, the difficulty at times of accu- 
rately ascertaining the exact zero pressure level, and a few other such factors 
may exist. Although the direct method is invaluable in the physiologic lab- 
oratory, the procedure of inserting a cannula into the artery of a patient is a 
decided limitation from a clinical standpoint. 

Riva-Rocci^® in 1896 inti-oduced an indirect method for blood pressure 
estimation based upon the preliminary findings of Behier,^^ Foster,^® Landois,'® 
Philadelphien,^® von Basch,-^ and Potain.*® The Riva-Rocci method utilized 
a controlled pneumatic cuff for compressing the aim (brachial artery) and 
the palpation of the radial artery. The firet palpable pulse wave which ap- 
peared during a gradual decompression of the cuff was taken as a sign that 
the level of systolic pressure had been reached. 

The original palpatory method of Riva-Rocci is in use today as a check on 
the auscultatory sj'stolic pressure. The accuracy of the method is limited by the 
sensitivity of the fingers in detecting the first small waves of the pulse, which 
may result in an underestimation of the systolic pressure. Tlie e.stimation of 
the diastolic pressure by the Riva-Rocci method is an extremely uncertain pro- 
cedure. 

In order to impwvc upon the Riva-Rocci palpatory method, Bing,*^ Pal,®* 
Vaquez,®^ and others devised visual oscillatory indicators. These devices 
utilized a second cuff as a substitute for the fingers, which cuff ti’ansinitted the 
arterial pulsations into a device which produced a magnifying effect with re- 
sulting easier perception than was possible by palpation. Some years later a 
double cuff was used by Groedel and Miller®* for the registration of the pulse. 

The Riva-Rocci palpatoiy method and the oscillatory indicators, plus the 
investigations of IMarey®^ and von Recldinghausen,®* paved the way for the 
first practical oscillatory type sphygmomanonicter by Pachon.®® The Paehon ap- 
paratus immediately received wide usage and is in use to this day. It is com- 
posed of an aneroid manometer which indicates the cuff pressure and of a con- 
stantly balanced manometric capsule whicli indicates the magnitude of the ar- 
terial oscillations. 

In using the instrument, the cuff is applied to the arm in the conventional 
maimer, and its pressure is raised to a point above systolic. The cuff pressure 
is indicated on the aneroid manometer. Attention is then focused upon the 
indicator controlled by the balanced manometric capsule, and it is obseiwed 
for oscillations. This procedure is repeated as the cuff pressure is brought down 
to below diastolic pressure, usually in steps of 5 to 10 mm. of mercury. 

As the cuff pressure is gradually lowered (in steps) from above systolic, 
a series of oscillations of small amplitude appear (supramaximal oscillations). 
This series of oscillations has been attributed to the hydraulic ram action of 
the pulsating proximal stump of the arteiy against the edge of the cuff. The 
supramaximal oscillations are then followed by a marked and abrupt increase 
in the oscillatory amplitude (the level of systolic pressure) ; the oscillations con- 
tinue to increase progressively in amplitude to a maximum, then gradually de- 
crease, and then abruptly decrease followed by some small oscillations (infra- 
minimal oscillations). 
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The diastolic pressure was first thought to coincide TOth the maximal os- 
cillation, as the arterial wall should then oscillate freely between two equivalent 
pressures (Marey-^). As a result of the investigations of Maewilliani, and 
Melvin,®” ivhose data were accepted by C-fallavardin,®^ the diastolic level was 
placed much lower (where a marked change in amplitude occurs). Paehori and 
Pabre,®“ and Gley and Gomez®® also confirmed the necessity of the change and 
accepted the data. 

Gallavardin®^ later modified the Pachon oscillometer and the. cuff, and con- 
cluded that the supramaximal oscillations must be due to the hydraulic ram 
action. Fabre®” attributed the supramaximal oscillations to the elastic reaction 
of the ai'tei'y ; Gley and Gomez”® attributed the phenomenon to the infundibulum 
formed by the upper part of the artery, and Minerbi and iVIerighi-'’'” to the pulsa- 
tions of the arteria braehialis profunda. For more precise oseillometric in- 
vestigations, recording oscillometers were devised bj" Plesch®' (tonoseillograph) 
and Boulitte®” (arterial oscillograph). 

The investigations of Strasburger”” and Ehret^” were continued by Korot- 
kow.'*®’ Korotkow, in 1905, suggested that blood pressure may be estimated 
by auscultation. The Korotkow method utilizes a Riva-Rocci apparatus and a 
stethoscope. Instead of palpating the artery, as is done by the Riva-Eocci 
palpatory method, a stethoscope is applied to the brachial arterj' beloiv the cuff. 
Five distinct phases may be heard and differentiated, as the cuff pre.ssure is 
slowly decreased from above systolic pressui’e to below diastolic. The five phases 
occur in the following order ; Sounds similar to the first cardiac sound ; a similar 
series of sounds, plus a hissing murmur; the vanishing of the murmur with 
the sound remaining; a sudden muffling of the sound; the disappearance of the 
sound. 

Since the introduction of the Korotkow auscultatoiy method, many dif- 
ferences of opinion have been expressed as to the true location of the diastolic 
pressure. At first, the level where the loudest sound occurred was considered 
the diastolic level. Later, the idea prevailed that the last sound should be taken 
as the diastolic level (lilacwilliam and Melvin;®" Erlanger"). At the present 
time, the general belief, as expressed by the Anglo-American Committee,'' ‘ is 
that the level of systolic pressure is the beginning of the first sound phase or 
where the first sound regularly appears; the diastolic pressure where the sounds 
suddenly become dull and muffled. If there is a difference between that point 
and the level at which the sounds completely disappear, tlie American Com- 
mittee recommends that the latter reading should be regarded also as the di- 
astolic pressure. The British Committee believes that except in aortic re- 
gurgitation it is nearly always possible to decide the point at which the abrupt 
change comes, and that this is the only reading that should be recorded. 

Indirect methods for bloood pressure estimation, as previously mentioned, 
are subject to several possible sources of error. The instrument itself may in- 
troduce varialde degrees of error, but a more serious source of error is the 
utilization of the human senses for quantitative measurement. Cook,*” and 
more recently, Wright, Sclmeider, and Ungevleidcr*" have demonstrated that 
raarlved discrepancies occur in the talcing and interpretation of blood pressure 
by competent physicians. 
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I!.U'I*AI’01tT AMD LUISADA: 


IMDIRKCT SI'JI1'(I.M0MAN0.MHTUY 


Smoe JlareyR invest, .Rations in ISSl, snlije.-liv,, ,lifferenccs in tl.e ovalua- 
tioii ol the blood iiressm-c l.ave been appreeiated. As a i-esnit ^n-apliie registra- 

. aque , G.bson ,« iMlange.-/. Uskoff,-” Silbe.-n.ann,- Brugseb Miin.er - 
leisd.ei, and otlier.s. All of these deviees ope.'aled on the spygaiographie 

Ho e,'/ t f 'V'f aixi Pleseb,- wbieh have been men- 
iioneu, sliould also be iiieliulecl in this calojrory. 


Jfore recently, Gomez and Bangcvin~ utilized a piozo-cleetrie fpiartz crystal 
and eleeti-onic amplifier to register the pnl.se Tl,e eba.aeteristie advantaoes 
nilierent in the piezo-clcctrie ery.staP«. - for tl.is type of application were lost, 
necause the pulse was transmitted to the crystal through a eontaet button, thus 
reverting back to the Potaiii method. This is, the arterial pulsation is registered 
iroiigli the nneertain tran.siiiis.sion of a eontaeting button with the result that 
a lie errors jirosont in the old Potain inelhod art* still present and possiblv 
even magnified. 

■ , ^ observed that graphic registrations of the pulse dur- 
mg a ueluuioii of the cuff Crotn above systolic pressure to below diastolic show 
Miiiul changes in the shape of the pulse waves which indicate the lateral and end 
sjf) 0 le pressure, and the lateral and cud diastolic pressure. Bazett and La- 
h ace confirmed von Kccklingluuiscn’s observations. 

^c^iklinghausen-® in 1!)01 suggested that the width of the cuff may 
Iff}' f • accuracy of the blood j)rossurc reading. He showed that a 
w uch is too narrow gave too high a blood pressure reading. The correctness 
a 'Oil Recklinghausen’s observation was confirmed by GumprechtV® oxperi- 
nents on the cadaver with artificial circulation and by Jliiller and Blaucl.'-' Jaiie- 
'ay, and Ragan and Bordley'* on living human subjcct.s. Ragan and Bordlej 
-some obese subjects the substitution of a wide 
cm.) blood pressure cuff for the standard (13 cm.) cuff' afforded more ac- 
curate auscultatory measurement.s of both systolic and diastolic pressure. In 

aiost subjcct.s, however, tlie wide cuff yielded measurements which were too 
low.” 


DI-:.SCini»TION OF APPz\K\TU.S 


n Fig. may jjj, ^ sclicmatic diagram of an apparatus which is 
*^*opable of registering simultaneously all of tlie physiologic phenomena tliat 
be evaluated wlieii estimating blood prcs.sure by the auseultatoiy, palpa- 
bly, and o.scillatory methods. 


The apparatus coiisisks of a double chamber pneumatic cuff; the outer eover- 
of the twin chambers is of the usual nondlstcnsible material. The upper or 
Piessure chamber is of the usual dimensions (13 x 25 cm.) ; the lower oi* registra- 
lon chamber dimensions are 3 x 25 cm. The pi-essure and registration chamber 
i'cusions may be varied to suit any particular application or may be placed 
Jn separate noiidistensible bags; a single bag, however, simplifies the applica- 
hon procedure. 


The pressure chamber of the cuff connects to a manometer of the recording 
br Visual types or both as well as to a needle valve and inflation pump. The 
‘combination of pressure chamber, needle valve, and inflation pump may com- 
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miinicate witli or lie cut off from the rest of the pneumatic system l)y the setting 
of valve “A.” 

The piezo-electric transducers are essentially differential roehelle salt 
crystal microphones. A roehelle salt crystal microphone is normally incapable 
of -withstanding any appreciable pressure without probable damage to the- 
crystal. In an application such as this, it is essential to employ some pres.sure 
in the registration chamber. As a result, the registration chamber pressure is 
allowed to communicate with the front and rear of the diaphragms in the piezo- 
electric transducers when valve “B” is in the “open” position. When the front 
and rear pressures are identical, the diaphragms are not distended and the 
crystals in turn are not flexed. Should valve “B” close, the trapped pressure 
to the rear of the diaphragms will be maintained identical with the pressure in 
the registration chamber. Any arterial stimulations that are now applied to the 
registration chamber of the cuff will distend the diaphragms and flex the crystals 
in proportion to the differential pressure. 

A detailed technical discussion of the design and mathematical theory of the 
differential piezo-electric crystal transducers suitable for the registration of the 
Korotkow sounds and the arterial pulsations in siihygmomanometry is obviously 
beyond the scope of this paper. However, a general consideration of some of 
the more important features should be of interest. 

The heart of the differential piezo-electric transducer is a cartridge or 
diaphragm type of crystal unit similar to that described by Rappaport and 
Sprague.”® ‘ ‘ It consists of a diaphragm which is directly coupled to a bimorph 
roehelle salt crystal through a tiny connecting rod; the crystal and connecting 
rod are located in the interior of the cartridge. Should an actuating force be 
applied to the diaphragm, proportional stresses will be set up in the crystal, and 
it will transfoim these stresses into equivalent electrical potentials which are 
conducted away from the ciystal by means of metallic foil electrodes in contact 
with it.” 

According to Rappaport and Sprague, “the fundamental frequency, or 
natural period, of the bimorph crystal is approximated" 10,000 cycles per second. 
When a diaphragm is coupled to the crystal, the fundamental frequency of the 
combination is lowered to a few thousand cycles per second.” This is well 
above the upper frequency limits which are present in the Korotkow sounds 
and in the arterial pulsations. 

The attenuation effects throughout the registration frequency spectrum 
are governed by the electrical, electronic, and galvanometric systems. The 
channel which registers the Korotkow sounds is identical with that described by 
Rappaport and Sprague wherein the over-all frequency response of the system 
is similar to that of the “average acoustic stethoscope.” The over-all frequency 
response of the arterial pulsation registering channel is identical to the sphygmo- 
graphic arrangement described by Rappaport and Sprague which is flat from 
practically zero cycles per second to the upper limits of the galvanometric 
system. An electrocardiographic channel (electronic type) is used for the 
registration of the arterial pulsations. An electronic type electrocardiographic 
channel normally possesses a speed of response of 0.01 second or faster. 
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The method of Sliller and Wliite*^' iy employed for making possible the 
utilization of a piezo-eleetric crystal for the registration of frequency cotn- 
l)onents u'hicli approacli zero cycles per second, such as are encountered in 
arterial pulsations. 

The essential difference between the piczo-electric transducers employed 
in this sphygmomanonietric apparatus and the spln^gmographic systems de- 
scribed by Miller and White and Rappaport and Sprague is the differential 
arrangement which permit.s operation at pressures above or below atmospheric. 

In Figure II? is shown the spliygmomanomctric apparatus used in this in- 
vestigation connected to an electronic type electrocardiograph — phonoeardio- 
graph. 

OPERATING TECHNiqUK 

The double chamber cuff is apiilied to the suliject as is done with the usual 
type of sphygmomanometer (Fig. lA). With tandem valves “A” and “B” 
open, and the needle valve closed, the system is inflated by means of the pump. 
When the valves are in tliis position, all the component pneumatic ohaiiiiels are 
in direct communication and under identical pressure; the pressure is indicated 



ousi,. ^1?’ H*— Schematic diagiam of an appaiatus which is 
bv ^ of the physiologic phenomena that must be evaluated when 
y me auscultatorj", palpatory, and oscillatory methods. 


of registeiiug simultaue- 
estimating blood pi 
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by the maiionieter. 'When, a pressure of about 20 nun. of Hg is attained, tandem 
valves “A” and “B” are closed. The closure of valve “A” segregates the 
pressure chamber of the cuff, the manometer, the needle valve, and pump from 
the registration chamber of the cuff, valve “B,” and the piezo-electric trans- 
ducers. The closure of valve “B” traps a noncommunicable pressure or cushion 
of air at the rear of the diaphragms in the piezo-electric transducers equal to 
the pressure in the registration cuff and the front of the diaphragms. 

The pressure is now increased in the pressure chamber of the cuff by means 
of the pump to above the anticipated systolic pressure. By means of the needle 
valve, the pressure chamber is gradually deflated. During the deflation period, 
the registration chamber of the cuff detects the Korotkow sounds and pulse 
when present and transmits both to the piezo-electric transducers. 



Pig. iB._Sphygmomanometric apparatus used in this invesUgation connected to an electronic 
® type electrocardiograph-phonocardiograph. 


The piezo-electric transducer for sound and its associated phonocardio- 
graphic system is sensitive to the vibratory frequencies present in the Korotkow 
sounds but not the low-period vibrations present in the pulse. On the other 
hand, the piezo-electric transducer for pulse and its associated electrocardio- 
orapiiio system is sensitive to the low-period vibrations present in the pulse. The 
result is a simultaneous registration of the Korotkow sounds, the pulse, and the 
cuff pressure (pressure chamber) during tlie deflation period. It should be 
mentioned at this point that the phonoeardiogra).hic reiuslration sy.slem recor.ls 
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(he Korotkow sounds witli tlic same degi-eo of niodifieatioii'" as jiicKiucecl liy 
the average acoustic stetlioscope ; logarithmic registration"^' may he used as 
well.* 

THEORY AND OBSERVATIONS 

Wiggors"‘ in his (Icseriptioii of the central arterial pulse ami il.s conversion 
into the peripheral arterial pulse .stales: “The central pulse, a.s tlic pulse in the 
largo arteries near the heart is called, shows (Pig. 2) first two preliminary vibra- 
tions; One due to auricular systole, a-h, the other to the isometric rise of 
tension in tlie ventricle, h-c. These are followed b 3 ' a .sharp priinarj' oscillation, 
r, d, e, 0.013 to 0.02 second in diu'ation and hegimiing at the ejection of blood 



Fiff. 2.— The central arterial pulse (after Wlegers), 
n. b. Vibrations due to auricular systole. 

b, c. Vibration due to the isomctiJc rise of tension in ventilcle. 

c, d, e, Oscillation due to sudticn ejection of blood 

e. /, Pressure rise when ventricles and aiteries fomi a common cavity. 

/. ff. Gradual pressure fall during rest of systole. 

!f, h. Sudden drop of pressure at the beginning of the ventricular relaxation (thastole) 
h, After Vibrations of valves and blood column. 

into the aorta. It is due to the fact that the sudden ejection has set the arterial 
column in vibration. After this vibration the arterial curve follow.? tlie intra- 
ventricular pressure, for now ventricles and arteries are a common cavity. First, 
the pressure rises, c, f, thereafter reaches a moi'C or les.s definite summit, and 
then falls gradually during the rest of sj-stolc, /, g. At the beginning of the 
ventricular relaxation (diastole), there is a rapid backward movement of the 
blood toward the iiCiirt, causing the pressure to fall suddenlj-, thus creating 
the incisura of the central pulse, g, 1i. Several after-vibrations of the valves and 
blood column, k, recognized over the chest as heart sounds, follow. The pressure 
then falls smoothly except for a few oscillations due, no doubt, to reflections 
from the peripheral bifurcations of arteries [Frank""] . ' ’ 

• phonocardiogniphic registration does not register the sound 

vlbrati , jrce, but as they ?re presented to the cars of an observer 

by an lAjgarUhmic phonocardlograpiiy Is a graphic representation 

of sou lerceived by the average observer of normal hearing when 

an av is emi^oyed. Logarithmic phonocardiography Is thas the 

."•umm .1 ■ human hearing mo<Hflcati'«ns. 
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These complicated series of pressure variations present in the aorta and 
urge arteries are modified in their peripheral transmission by friction and 
interference with reflected waves (Prank). Or, one may state the case differ- 
ently by saying that the vascular system represents a manometer system, the 
ability of which to transmit the pressure variations in the central arteries faith- 
fully to the peripheiy becomes less and less as the length of the column increases 
[Weber®®].” 

“The changes actually noted as we pass, step by step, to the peripheral 
vessels are; The preliminary and primary oscillations are damped and 
obliterated ; the sharpness of the ineisura is reduced and finally replaced by a 
rounded dicrotic dip and elevation; the upstroke is delayed and becomes more 
gradual; the tops are more rounded and the amplitude smaller until in the 
smallest arteries and capillaries the pulse is entirely obliterated.” 



srsrouc 


PIAbTOLIC 


mg'. 3. — A graphic representation of tlie degree of niodiflcation various cuK pressures (above 
diastolic) produce upon the brachial pulse. 


Wiggers further states: “Frank, lioweimr, finds difficulty in interpreting 
the dicrotic wave as merely the ineisui-a and after-vibration modified in trans- 
mission, for the dicrotic wave becomes larger toward the periphery and all 
other waves submitted to the same frictional influence become smaller. He, 
therefore, believes that its amplitude is augmented by a resonance effect with 
other vibrations reflected from the peripheiy.” 

When a pneumatic blood pressure cuff is applied over the brachial artery, 
inflated to a pressure above systolic, and allowed to deflate gradually, as is done 
when estimating the blood pressure, the pulsation in the brachial artery im- 
mediately below the cuff is modified. Fig. 3 is a graphic representation of the 
degree of modification at various cuff pressures. The pulsation marked 
“brachial pulse” is the usual configuration of the pulse in the brachial arteiy 
in which many of the finer oscillations so evident in the central pulse are com- 
pletely attenuated. 

Fig. 3 indicates graphically that when the cuff pressure is above the .systolu 
level, 200 mm. of Hg in this case, the brachial artery is collap.sed and no pulsu- 
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lion is detectable iminediatcly below tlic enff AVtth 

than tile systolic level (ISO mm of H") -i fit' Pf'^ssiire slightly less 
brachial artery just lielmv the Iff Sil, ‘ J'f 

r H 



TSeotello., o/ ^.uccee^^ „„.,e .t a.Re.enl 


i'ltroductioii nf P*'«ssu‘'e iii the brachial artery may be estimated by the 

tioii of the nri ' ■'*? (lovicc which is capable of detecting the piilsa- 

PDint at That is, the systolic level is the 

PWssiire is u I'fachial pulsation is detectable as the cuff 

to the iircssn. ' i'’ , ■''^“'•0 ‘'>e level. This corresponds 

(Pig. 3) i- „ uppermost portion or crest of the brachial pulse 

iiiat iiLsiai^ b'leater than the cuff pressure and the artery opens slightly during 
(blood 11 J..' aliowit two succeeding cycles of the brachial pulse 

tivo evcl . -00/100), two cycle.s at a cuff pressing of 190 mm. of Hg, and 

sphynnioii^ ***^ ^”1® 1*'® theoretical configuration of the 

Pole "the”™'" s.VstoIie piussiire is more than the cuff pressure. Also 

oblitera't" "-111011 the lower pressure eomjioueiits of the ])uisc are 

citfl nr *'• praeess due to the collapse of the artery wiien the 

istie n more than the diastolic level. This sphygmographic charaeter- 

Ibe c ff'"* ^ estimation of the diastolic level" in the following manner: As 
'herded “ gradually dropping from above the sj-stolic level, the re- 

iiatte d artery iiulsations become larger and larger, but a rather 

®up lase line is present between adjacent ey-cles until the diastolic level 
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is i-eaehecl where the flattening- effect due to artery eoilap.so vanishes. The eufi' 
pressure at which the first bracliial pulse appears with ti w^ell-clefined and 
peaked contour (a.s represented by c in Pig. 4) is the diastolic level. 

Let us now analyze an actual brachial pulse tracing as the cuff' pressure is 
gradually lowered from above the systolic level to well below the diastolic level 
(Pig. 5) . The graphic record was obtained with the apparatus show in Figs. LI 
and IB. The registration cuff was inflated to a pressure of 20 mm. of Hg, and 
the pressure cuff was varied as indicated on the record. 



Fig. 5. — A simuUaneous registration of the Korotkow souuJs and 

■ — entf deflation trom above syatoUc w t?ie 

The pressure in the pressure cuff is nun.° cf 


(oscillatory curve) during a 

the diastolic pressure level. - ^ - . 

the white squares; the registration cuff was kept at a constant pressuve 
StethoscQpic registration was employed in the sound track. 


Fig... 5 shows the tyjiieal supramaximal oscillations^' of small 
which are -followed by a series of gradually increasing pulsations. ^ 

•The supramaximal oscillations are not due to passage of against 

moduced by the ."ram action” of the preliminary vibrations a ~ .„«■ ..re thus 

the cuff. Mechanical vibrations which are detected by the *'®Siftration c oscIllaUo" 

in tte arm. The supramaximal oscillations definitely precede the sharp primary 
which is clearly shown in Fig. 5. 
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distinct pulsation after the supramaximal oscillations is obviously lUe level of 
systolic pressure. As indicated in Figs. 3 and 4, a gradual increase in the ampli- 
tude of the brachial pulse is expected as the cuff pressure is graduallj’ lowered. 
The pulse amplitude seems to reach a maximum amplitude between approxi- 
mately 90 and 70 mm. of Hg cuff pressure and thereafter attains a constant am- 
plitude of pulsation. This is exactly what one would e.xpeet to see in an oscillo- 
metric curve from a theoretical vieAvpoint, except for the increase in amplitude 
between approximately 90 and 70 mm. of Hg. As previously mentioned, Marey“’ 
attributed this phenomenon to a resonance effect where the arterial wall oscillates 
freely between two equivalent pressures or what he believed was the diastolic 
level. Such a resonance effect obviously docs take place and is clearly shown 
in practically all the graphic records we have obtained. This resonance effect, 
however, is too broad to be useful for accurately evaluating the level of the 
diastolic pressure. The "flattening effect” just above diastolic pressure and 
the distinct appearance of a “negative dip” (observed by von Recklinghausen^® 
and Bazett and Laplace”) just below the diastolic level is more accurate. Note 
how easy it is to locate this point in Fig. 5, wherein it falls roughly halfway in 
the resonance region. Theoretically, the temination of the flattening effect 
should occur exactly in the center of the resonance region. 

In Fig. 3, a very faint Korotkow sound appears somewhat earlier than does 
the first distinct brachial pulsation. Thereafter, a Korotkow sound appears 
with every brachial pulsation. After the faint first Korotkow sound, the 
Korotkow sounds gradually increase in intensity for a period of time as the 
cuff pressure is gradually lowered. 

The Korotkow sounds occur simultaneously with the .sharp primary oscilla- 
tion of the brachial pulse or during the beginning of the ejection of blood into 
the artery. During the rapid ejection interval, the blood velocity is greatly in- 
creased when passing through the partially collapsed or constricted portion of 
the artery immediately below the pressure cuff. This rapid blood velocity in 
turn sets the artery and surrotrrrding tissue into vibration with the resulting 
sound. Another contributirrg factor to the production of the Korotkow sound 
is the rapid distention of the artery and surrounding tissue by the sharp 
primary pulse oseillatiorr. A rapid displacement of tissue in a relatively con- 
firred area bourrded by the nondistensible cuff rvill produce audible sound waves. 

As the cuff pressure Ls gradually lowered from the systolic level, the arterial 
pulsations and the Korotkow sounds gradually increase in intensity. A broad 
resonance effect as previouslj' described occurs in the arterial pulsation in the 
region of the level of diastolic pressure and thereafter maintains a more or less 
constant amplitude. The Korotkow sounds, however, suddenly become 
diminished in intensity at the diastolic level and thereafter become less and less 
intense. This Korotkow sound intensity effect at the diastolic pressure level 
may be explained by the two primary causes for its production. That is, when 
the cuff pressure is less than the diastolic level, there is no longer any arterial 
constriction with abnormally increased blood flow velocity immediately below 
the cuff. Also, the rapid distension of the artery and surrounding tissue by the 
sharp primary oscillation takes place in a relatively less and less confined area 
as the cuff pressure is gradually lowered. In other words, the Korotkow sound 
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wliicJi is profluc-ed wlieu the enff pmssui-c is just above the diastolic level has 
both sound generatino- factors operating; at maximum efficiency. But, when the 
cuff pressure is .inst below the diastolic level, the former becomes minimal and 
the latter gradually reduces with the gradual lowering of the cuff irres-sure. 

It is of interest to note that in the blood pressure record of Fig. 5, the first 
Korotkow sound precedes the first distinct arterial pulsation by approximately 
2 mm. of Hg'. The abrupt dropoff in the intensity of the Korotkow sound 
which indicates the diastolic blood pressure level corro.sponds exactly with the 
termination of the negative flattening- effect of the bracliial pulse. In some per- 
sons, the first distinct Korotkow sound may precede the first distinct arterial 
pulsation by as much as 5 mm. of Mg, and vice versa; the discrepancy at diastolic 
level rarely exceeds 5 mm. of Hg. 

Another sound that is commonly registered in the blood pressure graph 
occurs simultaneously with the incisura of the arterial ]nil.se, the Jioteh preeednig 
the dicrotic wave. The mechanism of the produetion of this sound is identical 
to that of the Korotkow sound. Ils intensity is much le.ss than the Korotkow 
sound because the energ;^- generated by the sudden drop in pressure is obviously 
of lesser magnitude than that due to the i*apid ejection of blood into the aorta. 
The secondary sound which occurs simultaneously with the incisura may lie 
.seen in most of the cycles of Pig. 5 but is most di.stinet below the diastolic level. 

Considerable error may i)e introduced when estimating the s.v.stolie blood 
pressure by the palpatory method. The degree of error may be in the order of 
several millimeters of mercury below the actual value because the primary 
oscillation which is palpated is so slight in intensity that it falls below the 
threshold of human feeling. The diastolic level definitely cannot be determined 
by palpation, because the sense of human feeling cannot differentiate the point 
of transition where the negative flattening effect becomes peaked. To depend 
upon tlie resonance effect for diastolic blood pressure evaluation is obviously un- 
cei-tain by tlie palpatory method because the .sense of human feeling is in- 
sufficiently sensitive for the accurate detection of the apex of resonance; even 
graphic registration cannot be depended upon because of the broad resonance 
effect. Furthermore, it is doubtful whether this resonance effect is palpable in 
most human beings. 

The oscillatory method is reliable in the estimation of the sy.slolic blood 
pressure only when accurate sphygmographie registrations are made, ndierein 
the phase corresponding to the ejection of blood into the aorta is easily dif- 
ferentiated from the supramaximal oscillations. The sharp primary oscillation, 
when it first appears at systolic level, is very difficult to differentiate from the 
suiH'amaximal oscillation by means of a visual type indicator. Lsually. the first 
noticeable sharp primary oscillation via a visual indicator is several mm. of Hg 
below the actual systolic level. The graphic method requires a jniper or film 
speed of not less than approximately 25 millimeters per second. Slower .speeds 
bunch the component pulse waves too close together making it rather difficult to 
determine the initial occurrence of the sharp primary o.scillation. In most per- 
sons the diastolic pressure may be estimated by the negative flattening effect ; 
this phenomenon is not distinct in a small percentage of human beings when 
usint' the graphic method and rarely observable via the visual method. 
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iloyt all recorded oscillometnc curvc.s thal are tleseril)od in Iho literature 
show a gradual tapering oft' ol' the pulse unipHtude as tlie euft ])ressure is lowered 
gradually below the diastolic level. Our registrations do not show tins tapering* 
oft’ eharaeteristie. The rciison the pntac ttipevinn-oj)’ })hiis(' is ntiisfervd hu 
most oscillometers is not hcvausc the pw/.vr vituishes, hut hcrausc the clHeienc!/ 
of the cuff ia dcicciinij the artcruil [fulsations f/nanij.v/trv as (he eu(j' }/ressure 
is lowered. Therefore, it is incorrect to use the pressure cun' as a ileteelor of 
arterial pulsations as well as a means for eollapsijjg l)je arl<'ry. The us(‘ of 
indepeiulont cuffs, one as a pressure cuff for collapsing the artery and the olhei’ 
for detecting the ]iulsations. is the more accurate method. Tlie latter cuff, how* 
ever, must be kept at a iiressure well below the diaslolie level. We hav(‘ fiumd 
a pre.ssure of a])proxiiuately 20 mm. of Hg generally satisfactory. Other wi'il* 
known sphygmographic techni(iues may be employed bu' registering tlie ai'lerial 
l)ulsations, but they are not so simple and convenient to use as is the separat(' 
registration cuff method. 

When estimating tlie blood prcs.surc by the aii.scultatory method, seveiid 
conditions exist wliieJi may introdnee erroi*. Ah n general rule, the .systolic 
pressure is underestimated, because the ftrsl Korotkow .sound which appears 
when the cuff pres.sure i.s gradually lowered from above the .systolii' level 
posse.sses an intensity below tlie threshold of human auililiilily. The aiisetilla* 
toiy method is liased upon tlie supposition that tiu* .syslolie blood pi'essure level 
is determined when the artery opens momentarily at the peak of llu* .syslolie 
wave and allows a stnall (luantity of blood to j)ass below the jiressure cuff. The 
meehaincal and heinodyiiatidc factois responsible for tin* Korotkow son//d at Ihis 
iiustant are of low magnitude. Thus, the sound level of the first Korolktuv 
sound must be corre.'^jiondingly low in intensity, and it so hajipeii.s tlial in a 
majority of human beings this intensity is below Die threshold of human hearing. 
Under such conditions, the first audible sound cannot always he eon.sidered as 
representing the level of systolic blood pressure. Vel. tin's is cointiMUi elitiiejd 
procedure. Kurthennore, the threshold of buinan hearing is varinlile and is 
dependent upon such factors a.s; 

1. The efficiency of tlic observers bearing. 

2. The efiicieiicy of the stetlioscopc. 

3. The type of .stctlioscopic chest piece eioployed. 

4. The application pre^ssure of the stctlioscopic c/iesf [/Icce. 

.3. The general iioi.se level in the looiii. 

6. Auscidtatorj* exficnencc 

7. The mental and physical stale of the obwrver. l■sp^'eialIy with Kspecl to 
fatigue at the tunc the reading is taken. 

We havi* observed, floit a.s a general rule, Ihe fust iiiidilile Komllunv sound 
(heard by a conijictcjit observer under ofiiiiauio cnuddlfiiN) in //(^/no\)m/d/'/y 
0 mm. of Hg below llie firs! achnil Korollcovv sound Ihiil appenisj uiiety ts the 
<rifTerL-nti,il rr ore floin nun of fig l’ii/|ei hss Tavoi iibh* /'fifidlUnns, the 
fercntial may lx- consideiahiv gicnfer 



652 


THE JOURNAL OF LABORATOEY AND CLINICAL MEDICINE 


The diastolic pressure as judged by the Ivorotkow method (when the 
sounds suddenly become dull and muffled) corresponds exactly with the recorded 
values and within close limits as compared with the negative transition effect of 
the arterial pulsation. Any other sound phase does not hear any relationship 
whatsoever with diastolic pressure. 

Axi inteiesting observation in the registration of the Korotkow sounds is 
that the five phases are registered by both stethoscopie^® and logarithmic®*’ pho- 
nocardiography. However, the stethoscopic method indicates the first Korotkow 
sound (systolic level) most distinctly, ivhereas the logarithmic method shows the 
sudden dull and muffled phase (diastolic level) more distinctly. The murmur 
components of the Korotkow sounds are best registered by the logarithmic 
method. 

The effects that have been observed by von Eecklinghausen, Giimprecht, 
Muller and Blauel, Janeway, and Eagan and Bordley with respect to the width 
of the pressure cuff correspond with our ob.servations. 

SUJIJLVRY AND CONCLUSIONS 

1. An apparatus was devised which can register graphically and simul- 
taneously all of the physiologic phenomena which must be evaluated for the 
estimation of blood pressure by the palpatory, oscillatory, and auscultatory 
methods. This graphic device eliminates the human element with its subjective 
differences in the appreciation of the physiologic signs and makes possible a 
quantitative comparison of the associated phenomena. 

2. The sphygmomanometrie device used in this investigation is described. 

3. The theoretical principles fundamental to the palpatory, oscillatory, and 
the auscultatory methods are discussed. 

4. Following is our summary and conclusions on the oscillatory Mood 
pressure method: 

A. In an oscillometric curve, the eonfigiu’ation of the pulse wave is 
modified between the limits of systolic and diastolic pressure. The degree 
of modification is a function of the .sj’stolic, diastolic, and cuff pressures. 
The wave form is unmodified only when the cuff pressure is lower than 
the diastolic pressure level. 

B. Diastolic pressure is represented in the osciUometric curve by the 
first arterial pulsation which is undistorted during its most negative phase. 

C. The negative transition effect is rarely observable via the visual 
oscillometric method. 

D. The resonance effect wliich occurs in most oscillometric registrations 
corresponds to the level of diastolic pressure. Although this resonance 
effect is observable in most pei’sons, it is much too bi’oad to be useful as 
an accurate indication of diastoEc pressure. 

B. The oscillatory method is reliable in the estimation of the systolic 
blood pressure only when accurate sphymographic registrations are made. 
Inaccurate or poor sphygmograms do not indicate distinctly the inidal 
appearance of the minute wave which represents the beginning of ejection 
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or blood into the artery as differentiated from the supramaximal oscilla- 
tions. 

F. The gradual tai)ering-off of the pulse amplitude in an oscillomctric 
ourve below the diastolic ])ressurc level eoimuoiily described and illustrated 
in the literature is not a physiologic phenomenon but a definite iuHtm- 
mental error. The arterial pulse docs not gradually diminish and then 
disapi)ear l)elo\v the diastolic pre.ssurc level, but remains more or less of 
constant amplitude. The instrumental error is essentially due to a 
diininufion in the efficiency of the cuff as a detector of arterial jmhations 
as the pressure is lowered. The use of independent pressure and registra- 
tion cuffs eliminates this source of error. 

5. Following is our sunpnary and conclusions on the Korotl'uw method: 

A. The Korotkow sotinds occur simultaneously with the shaip primary 
oscillation of the brachial pulse which is the beginning of the ejection of 
blood into the artery. 

B. There are two major eoutrihiiting factors to the production of the 
Korotkow sounds; the mechanism of each is described. 

C. The first distinct Korotkow sound (systolic pressure level) gen- 
erally occurs simultaneously witli the first distinct sliarp primaiy oscilla- 
tion of an oscillomctric cum. The first suddenly diminished Korotkow 
sound (auscultatory diastolic pressure level) corresponds very closely to 
the fii*st undistorted arterial pulsation. 

D. An explanation is given for the sudden diminution in the intcn.sity 
of the Korotkow sounds at diastolic pressure. 

E. A sccondaiy sound that is commonly registered, although seldom 
heard, occurs simiUtnucousIy with the incisura of the pulse curve. The 
mechanism of tlie production of this sound is similar to that of the Korotkow 
sounds. 

P. When estimating blood pressure bj’ tiie auseultatoiy mctJiod, seven 
major conditions exist whicli may alter the thre.shol(l of hearing and in- 
troduce error. 

G. An a general rule, the systolic pressure is underestimated because 
the first Korotkow sound which appears during a gradual cuff deflation 
possesses an intensity below human audibilitj'. 

H. Diastolic blood pressure as judged by the auscultatory metliod 
(wlien the sounds suddenly become dull and muffled) correspond.s exactly 
with the recorded values and within close limits witli tlie negative transi- 
tion effect of the oscillometric curve. Any other sound phase does not hear 
any relationship tvliatsoever with diastolic pressure. 

I. TIic stetlioscopic method of sound registration shows the first 
Korotkow sound (systolic pressure level) most distinctly, whereas the 
logarithmic method register’s the sudden diminution (diastolic pressure 
level) more distinctly than the stethoscopie metliod. 

J. The murnuir components of the Korotkow sounds are best registered 
by the logarithmic method. 
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6. The effects that have been observed by von Recklinghausen, Guniiireelit, 
jRulIer and Blauel, Janeway, and Ragan and Bordly with relation to the width 
of the pressure cuff correspond with our grajihic data. 

/. In some instances, the sudden muffling effect at the diastolic pressure 
level is not audible. In such eases, the graphic method may show this diminu- 
tion effect with sufficient clarity to accurately estimate the diastolic blood 
pressure. We have never encountered a condition where the combination of 
auscultation, graphic registration of the Korotkow sounds, and the graphic 
oseillatoiy method did not distinctly indicate the diastolic pressure level; that 
is, at least one of the methods always gives a distinct and clear indication. 

8. Considerable error may be introduced when estimating the systolic blood 
pressure by the jialjiatory method. The degree of error may be in the order of 
several millimeters of mercury below the actual value, because the initial 
primary oscillation is below the threshold of human feeling. 

9. The diastolic pressure level cannot be estimated by the palpatory 
method, because the sense of human feeling cannot differentiate the point of 
transition where the negative flattening effect becomes peaked. The negative 
transition effect is the only reliable oscillometric method for the estimation of 
diastolic blood pressure. 

10. The graphic registration method we have described, which registers 
all of the physiologic phenomena a.ssociated with indirect sphygmomanometry, 
has application hi the more exact studies of blood pressure. The method shall 
prove useful in the clarification of such phenomena as the auscultatory gap, the 
double tone of Traube, the double murmur of Durozicz, the murmur accom- 
panying the pistol shot pulse, etc. 

AVe wish to e.\press our appreciation for tlie cooperation of the Sanborn Company, of 
Cambridge, Massachusetts, in this investigation. 
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Erratiun 

In the article by Eappaport and Eappaport entitled “An Improvement of the Sero- 
logic Kahn Reaction in the Spinal Fluid” in the August, 1943, issue of the Journal, the 
procedure (second lino from tlie bottom of page 1355) sliould read as follows. 

Pour 0.1 e.c. of serum (reagent H) in each of two small test tubes 
and inactivate it at 56° 0 . for twenty minutes, simultaneously with a 
third tube containing a little more tlian 1.5 c.e. of spinal fluid. 



APX^AKATUS FOR TtlE FREEZING-DRYING OP TISSUES 
FOR STORAGE- 


A. Ckcil Taylob, Ph.D., Chicago 


F REEZING-DRYING lias been employed successfully as a method for preserv- 
ing segments of nerve and artery to be used later as grafts in experimental 
animals.^’ * 

In oi’der to reduce to a minimum distortion of the cellular structure of tis- 
sues subjected to freezing and drying, as well as chemical changes during the 
subsequent period of storage, three conditions are of prime importance: (a) Td 
freeze the whole tissue rapidly, (b) to deliydrate as completely as possible, and 
(c) to maintain a low temperature during the dehydration process. Aside from 
appropriate beakers and thermos llasks, no special equipment is needed for the 
quick freezing of tissues. However, the subsequent process of dehydration in 
high vacuum at a constant low temperature requires special apparatus. 

Based upon the principles of the equipment used by Bensley and Gersh^ 
and Hoerr,^ a freezing-drying unit was built by the author embodying certain 
simplifications and alterations of design which adapt it for the particular use 
intended. Aside from the low cost and simplicity of the apparatus here de- 
scribed, its chief advantage for our use lies in the fact that the tubes in which 
tissues are desiccated are easily accessible and can be sealed ofi without break- 
ing the oi’iginal vacuum. The dried tissues are thus protected from any contact 
with atmospheric air and moisture. 

The apparatus consists of two systems, a vacuum desiccation system and 
a cooling system. 

THE DESICCATION SYSTEM 

TJie vacuum for desiccation is maintained by a Ceiico high-vac pump. This 
lias proved satisfactory when used alone, although the addition of a mercury 
diffusion pump in series would slioi*tcn the time required for drying the tissues 
at the low temperature uecessarj’. 

The pump {A, Fig. 1) is connected directly with a manifold {B) constructed 
of 2-mch galvanized iron pipe and fittings. The manifold is furnished with 9 
nipples (D) for the attachment of the vials containing the tissues, and one (E) 
which may serve as an air inlet or as a place for the attachment of a vaeuiim 
gauge. All threaded joints were carefully sealed to insure against leakage. 
Since the movement of gases at very low pressures is greatly retarded by long, 
small caliber channels, the vacuum system was designed with tlie largest feasablc 
inside diameters and sliorte.st pos.sihle (lisl«iiice.s with the elimination of “bottle 
necks.” 

•From Oie Department of Zoology, Tlie I^niverMt) of Chicago. 

Received for publication. Jai». 14. 1914 

This %fork, carried out under the direction of Di. Paul Weibs. >vas done under a contract, 
recommended by the Committee on Medical Research, between the Office of Sclentmc Research 
and Development and the University of Chicago, and has been aided by a grant from the 
Dr. Wallace C. and Clara A. Abbott Memorial Fund of the University of Clucago. 
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To protect t)u‘ punip i’roiu moisture ami to speed de.siee*iti()H of t)ie tissue, 
phosphorus pejiioxide is placed in the manifold in dishes (/) set in a tray whicli 
can be removed from llie inanilold after uiiserewiiig- tlie manifold cap (C). 
Hennetic seal of this end of the manifold is insured by inserting- into the screw 
cap a closely fitting steel disk and a rubber gasket. 

Unless a gauge is to ho used in the \’aeuum system, the extra nipple (£) is 
eouneeted witli a caleinm eliloride air diyer (II } controlled by glass stopcocks. 
This serves as an air inlet wlienever it becomes necessary to break the vacuum 
))efore scaling off* the lis.suc vials, e.g., iu recharging the manifold with fresh 
phosphorus pentoxide during a run. 

The frozen tissues are dehydrated iu vials 20 em. long, made from pieces 
of 10 mm. stock pyrex tubing by sealing one end in a flame. Nine of tliese tissue 
vials (6?) may Ijc attaelied to tlie mainfold at one time hy means of rublier pres- 
sure hose connections (F). 

TIIK COOLlXn .SYSTK.M 

In the pie.servation of bacteria saspended in litpiid, or of fluids such as 
plasma, the cooling effect <lue to the evaporation within the evacuated tubes is 
sometimes depended on to maintain the material in a frozen state/’ However, 
in the case of dense tissues such as nerves, with relatively low crater content, 
evaporation is not sufficiently rapid to keep the temperature securely below the 
freezing point of the protoplasm and intercellular fluids. Especially is this 
true ns dehydratiijn progresses and the electrolytes of the tissue lieeome more 
concentrated witli a eon.sequent lowering of their freezing point. For sutdi tis- 
sues the highest temp<'i‘ature at which dehydration may he carried on without 
too rapid growth of ice crystals is in the vicinity of -40‘’ C.*' 

In the more elaborate systems (Hensley), cooling is etfeeted by meehamcnl 
refrigeration units uith coils in heavily insulated chamber.s. These have the 
advantage of being reliable and accurately adjustable, but are eumbersome and 
expensive. In the ap})aratus here described a device for the use of solid carbon 
dioxide (dry ice) as a cooling agent was constructed. It consists of two 
thermos flasks connected by convection vents. One flask serves as source of 
cold gas which is utilized in the other for the refrigeration of the tissues. The 
gases in the former arc kept near the sublimation temperature of carbon di- 
oxide by packing the flask with dry ice, while the temperature in the latter may 
he maintained at the desired level by controlling the convection currents iie- 
tween the two flasks. The dry iee chamber {J) is a 12 liter Fyrex thermos flask 
laid on its side. A 41/0 liter Pyrex thermos flask with wide mouth provides the 
constant temperature chamber (K) for ivfrigemting the tissues. Both flasks are 
clo.sed by a common cover unit (L) which contains the convection vents {P. Q) 
as well as perforations for tlie tissue vials. The cover luiit, details of which arc 
shown in Figs. 1 and 2, is made of several thicknesses of V 2 celotex stock 
cut to shape, assembled, and held together with large wood screws. This lami- 
nated construction provides a simple method of fashioning the gas vents. Sev- 
eral coats of shellac over tlie outside of the cover unit prevent the seepage of 
moisture into the system through the pores of the celotex. 

The cold gas vent (P) is extended downward into the refrigeration cliamher 
(K) by a metal tube (N) attached to the cover unit. Tins hears at its lower end 
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a thiii metal damper valve Fig. 2) wliieli is adjusted to swing freely on its 
pivot so as to rfose off the I'ent. The damper valve is activated by a bimetallic 
thermostat (0) to whieli it is connected by a lever (F). By tnrnino' a knob (T) 
the tliermostat may be adjusted to close the valve at any chosen temperature. 
Bare was taken to provide a large cross-.seetional area (not less than 5 sq cm ) 
for the vents throughout their lengths in order to facilitate rapid convection cur- 
rents. To permit the insertion of the tissue vials into the refi-igeration chamber 
(7t), holes were drilled into its cover, an extra liole being provided for the ther- 
mometer (i)/). 



In operation, the cold gas mixture (air and carbon dioxide) within chamber 
J passes through the cold gas vent {P) and past the open damper valve (S) into 
chamber K where it displaces the lighter, warmer gas it encounters there. This 
rises to the top of the chamber and is forced through the warm gas vent (Q) 
back into chamber J where it becomes cooled by contact with the dry ice. As 
the gas in chamber If is cooled, the bimetallic helix is distorted so as to gradually 
close the damper valve and retard the convection current until an equilibrium is 
established at the temperature for which the regulator has been set. 

A simple wooden framework provides support for both the desiccation and 
cooling systems (Fig. 3) . The pump with its motor and the manifold are rigidly 
secured to the frame, while the thermos flasks and cover unit are demountable. 
In assembling these latter the cover unit is raised into the position indicated in 
the photograph after inserting the tissue vials into the holes provided for them. 
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dvy IC'G is livouglil, up iiuder llio vials until they dip into tlie liquid. When all 
vials are attached, the cover unit is raised into position over them, and the 
refrigeration flask (7r), which has previously been thoroughly cooled with dry 
ice, is brought up onto its cover. Flask J, filled with dry ice, is now slid into 
position on its cover. The convection currents begin immediately. The desiccant 
dishes (/) are now filled with phosphorus pentoxide and placed in the manifold 
whose cap (C') is then screwed tight. The vacuum pump is started and evaciia- 
tfon continued until the desiccation of the tissue is completed. 

The dry ice flask (,/) holds between 15 and 20 pounds of solid carbon dioxide 
when filled to capacity. This amount maintains a temperature of -40° C., in the 
refrigeration cliamber (K) for about 72 hours. During a long run 10 pounds 
of dry ice is added every second day by simply sliding flask J back from its 
cover, I'efilling with di'.y ice, and I’eturning it to its covei' again. One must guaid 
against clogging the cold gas vent in the cover with ])ieees of dry ice during this 
refilling process. 

The amount of iihosphorus pentoxide necessary for a given lun depends on 
the amount of moisture in the tissue to be desiccated. When all vials are heavily 
charged with moist tissue it has sometimes been necessary to replace the phos- 
phorus pentoxide with fresh powder. To do this the vacuum must first be broken 
by opening the cocks in the air inlet desiccator (//) so as to admit air into the 
manifold very gradually. After air ceases to enter through the cocks, the cap C 
may be unscrewed and the desiccant dishes removed for refilling. 

jMost of the moisture extractable by the dehydrator is removed from the 
tissues during the first 48 hours ; Jiowever, tissues to be stored for long peifods 
have routinely been allowed to run from two to four days longer. The larger the 
pieces of tissue, the longer is the time required for drying. Tests with anhydrous 
copper sulfate show that nerves dehydrated for eight days still contain traces of 
water. However, it has been shown that, even after much more rigorous freezing- 
drying procedure, there still remains as much as 1 per cent moisture in the 
tissue.'*- “ 

The temperature within the refrigeration chamber (If) may be regulated 
by adjusting the thermostat controlling the damper valve. The degree of tem- 
perature constanc}^ depends on the sensitivity of the thermostat and damper 
valve. Variations of no more than ±2° C. are characteristic of the equipment in 
use in our laboratory, which is entirely adequate for this purpose. If moisture 
can enter the cooling system through the pores of the cover unit or through im- 
proper fit of the covers, snow may foim in the vents, thus cutting down, or shut- 
ting off completely, the convection current. Should this occur, the snow may be 
jarred loose bj^ tapping on the metal tube (JV) or by inserting a rod into the 
vent from below after removing flask A. When the dr}' ice in chambei J is 
reduced to less than 5 pounds, the temperature of the system begins to rise. 

It should be noted that there is a temperature gradient from the bottom to 
the top of the refrigeration chamber (A'). Therefore, to determine the tempera- 
lure of the tissues in the vials, the bulb of the thermometer (M) should be on a 

level with the bottom of the tissue vials. 

Ou completion of dehydration, the vials containing the tissue may be sealed 
oil, eillver after filling with air through the desiccator (//), or while still evaeu- 
alcA. cooling chambers and cover unit must first be removed. Then with 
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ojiii viiil at a time insulated from the ix'st by an asbestos sheet, the Haiue of an 
oxygen hand torch is played uj>ou the walls of the vial at a ])oinl soniewlmt above 
the middle. "When the glass is sot'leired, the lower part which eontuins tiie tissue 
is drawn away and .sealed. If the tissue is to be .sealed in vavnujn, the pump is 
left ruimini^ while each vial, in lurn> is shut off from the vacuum manifold by 
a screw clamp on the rubljcr connection at P. Tiii.s is done as a precaution 
against ihc entrance of moist air into the whole system in flie case of accidental 
perforation of the wall of the vial. Care mu.st Ijc cxcrcwcd while sealing not to 
overheat tlie glass ai any point, since, with tubing of this diaiiieler, at3nosp)iej'ic 
})rcs.sure may easily force an opening thiough the softened glass. 

Tissues .snfticiei\lly dehydrated and thus .scaled in vacuo nv.iv then he stored 
at room temperature. 
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(liy lee is bi'oughl, ii}) muler (he vials until they dip into the liciiiid. When all 
vials are attached, tlie cover unit is raised into position over them, and the 
refrigeration flask (K), which has previously been thoroughly cooled with dry 
ice, is brought up onto its cover. Pla.sk J, filled with dry ice, is now slid into 
position on its cover. The convection currents begin immediately. The desiccant 
dishes (7) are now filled with phosphorus pentoxide and placed in the manifold 
whose cap (C) is then screwed tight. The vacuum pump is started and evacua- 
tion continued until the desiccation of the tissue is completed. 

The dry ice fla.sk (J) holds between 15 and 20 pounds of solid carbon dio.xide 
when filled to capacity. This amount maintains a temperature of -40° 0., in the 
refrigeration chamber (7t) for about 72 hours. During a long run 10 pounds 
of diy ice is added eveiy second day by simply sliding flask J back from its 
cover, refilling with dry ice, and returning it to its cover again. One must guard 
against clogging the cold gas vent in the cover with pieces of dry ice during this 
refilling process. 

The amount of jihosphorus pentoxide necessary for a given run depends on 
the amount of moisture in the tissue to be desiccated. When all vials are heavi],y 
charged with moist tissue it has sometimes been necessary to replace the phos- 
phorus pentoxide with fresh powder. To do this tJie vacuum must first be broken 
by opening the cocks in tlie air inlet desiccator (II) so as to admit air into the 
manifold very gradually. After air ceases to enter tlirough the cocks, the cap C 
ma.y be unscrewed and tlie desiccant dishes remoi'ed for refilling. 

Most of the moisture extractable by the dehydrator is removed from the 
tissues during the first 48 hours ; however, ti.ssues to lie stored for long periods 
have routinely been allowed to run from two to four daj's longer. The larger the 
pieces of tissue, tlie longer is the time i-etiiiired for drying. Tests with anhydrous 
copper sulfate show that nerves dehydrated for eight days still contain traces of 
water. However, it has been shown that, even after much more rigorous freezing- 
drying procedure, there still remains as much as 1 per cent moisture in the 
tissue.'*’ “ 

The temperature within tlie refrigeration chamber (K) may be regulated 
by adjusting the thermostat controlling the damper valve. The degree of tem- 
perature constancy depends on the sensitivity of the thermostat and damper 
A’alve. A'ariations of no more than ±2° C. aie characteristic of the equipment in 
use in our laboratory, which is entirel.A' adequate foi’ this purpose. If moisture 
can enter the cooling system through the pores of the cover unit or through im- 
proper fit of the covers, snow may foini in the vents, thus cutting down, or shut- 
ting off completely, the convection current. Should this occur, the snow may be 
jarred loose by tapping on the metal tube (If) or by inserting a rod into the 
vent from below after removing flask If. When the dry ice in chamber J is 
reduced to less than 5 pounds, the temperature of the system begins to rise. 

It should be noted that there is a temperature gradient from the bottom to 
the top of the refrigeration chamber (K). Therefore, to determine the tempeia- 
ture of the tissues in the vials, the bulb of the thermometer (M) should be on a 
level with the bottom of the tissue vials. 

On completion of dehydration, the vials containing the tissue may be scale 
oil, either after filling with air through the desiccator (H), or while still evacu- 
ated. This cooling chambers and cover unit must first be removed. Then with 
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Into the bottom of tlic barrel (a 1) of an ordinary 2 c.e. syringe a soft spring 
(II) is inserted to hold up the plunger (C), which has been transformed into 
an open tube by removing the upper and lower ends. At the upper end of this 
tube a vaccine-bottle rubber stopper, from which the center has been cut out, 
is slipped on to serve as container (D) for firmly packed cotton and gauze (K) 
which serves as applicator pad. The barrel (A) of the syringe is held firmly 
in the screw top (I'') by means of the rubber baud (d). To servo as ball valve, 
an ordinary steel pin (//) with round head is dropped into the bottom of the 
barrel. The amount of liquid forced up into the container (D) at cacli stroke 
of the pump can be adjusted by the interposition of rubber washei-s (./) between 
the bottom of the container and the top of the barrel. 

Before starting to inject a scries of mice, the I’ad (li) is pressed down re- 
peatedly until it is soaked with disinfectant. The operator tlien takes the filled 
syringe into one hand, piclts uj) a mouse with the other, presses the animal's 
.abdomen gently against the pad (a pressure of ca. 20 fim. i.s sufficient 1, which 
in turn is pushed downward, and pumps liquid up. The brief gentle toucli 
produces an even round moist spot of disinfectant on the skin of the animal 
through which the injection is made. The operator then relinquishes tliat ani- 
in.il, picks up another one, and proceeds similarly uitliout depositing llic 
syringo before it is empty. 

Smmarij . — A simple mechanism is described which permits the rapid 
automatic application of a graded quantity of liquid disinfectant to the abdomen 
of mice injected intraiieritoncally in large series, and wliicli results in consid- 
erable saving of time. 
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NOTE ON THE SELENIUM METHOD FOR THE DETERMINATION 
OP NONPROTEIN NITROGEN* 


Prkderick Rkis, JI.D., Bostox, iMass. 


I *HE principal advantage of the method of Reis and Powers' for the de- 
1 termination of nonprotein nitrogen in blood is that the digestion tubes do 
not become etched. The nece.ssity for conserving appni'atus makes this feature 
of value at the ijrescnt time. Since the publication of the metliod, several 
points that need clarification liave come to our attention and are set forth in 
this note. 

1. While the .selenium-sulfuric digestion mixtui-e prepared from selenious 
acid gives no trouble, the one pi’cpared by di.s.solving selenium in sulfuric acid 
and diluting with water oflen develops a red amorj)hou.s lu'ccipitafe of selenium. 
This is caused by insuffieient cooling during the addition of the water. While 
this precipitate does not render the reagent unusable, we now suggest the fol- 
lowing method of preparation in which there is little danger that a precipitate 
will foi’in. 

Dissolve with heat 70 mg. of selenium in 10 c.c. of concentrated sulfuric 
acid. As the selenium di.ssolves the .solution will become first green and then 
clear Avith a slight yellowish east. Pool thoroughly and add 200 c.c. of cold 
40 per cent .sulfuric acid. 

2. The in.structions read to have the ilame of the microburner I inch high 
and the bottom of the Pyrex tube % inch above the top of the burner. This is 
commonly interpreted to mean % inch above the top of the flame. Avhereas it 
should actually be i/4 iuch in the flame. AYith this adjustment the boiling will 
be vigorous and continuous, and bumping Avill not be as likely to occur. 

3. In the Polin-Wu method it is common practice to disregard very slight 
turbidities, but in this method a turbidity that is scarcely visible to the naked 
eye may introduce a considerable error, HowcA'er, no turbidity Avill occur if 
the tube is thoroughly cooled after digestion, and all subsequent steps in the 
nesslerization are completed as rapidly as possible. If properly done, the nes- 
slerized solutions may be allowed to stand several hours before reading, with 
no development of turbidity. 
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MEDICAL ILLUSTRATION 


FACIAL AND BODY FRDSTHKSIS IN UKI/ATIDN TO WAR WOItNDS 


OA«f> Dame (Jiakke, \.V S 


E very war has pvoduwil wounds that reoijiiv hotlj plastie suri*:ical rei>airs 
and prosthetic applinncos. The advent of lujrh ex}>Io.sives and indannna- 
ble mixtures and the extensive use of the airpUine have inereascd ‘greatly the 
necessity for such work. Altliou*?!! i)histio surjjory is a relatively new field 
in comparison with other liranches of medioino, the really wortli-while advances 
in prosthetic appliances liave been made only in the last twenty years. For 
this reason, the average jihyHician or surgeon may not ascrilie to them the 
importance they rightly deserve. Often the .surgeon considers only ])Ia.stie 
surgery, when he 1ms at his disposal a method of rejiair that is high in co.sinctic, 
psyeholo'gic, and physical value. 

The punmse of this pajjer is to bring facial and body jiiostlieties to the 
Lsurgeon’s attention so that patients may benefit from tlie possibilitie.s. 

The leehnique of producing tlicse iirostlietie appliances lias been described 
previously in considerabh* detail by riarke,*'''; by BnlhuHnn,'’- and hy ICa^an- 
jiau» Rowe, and Young.’' Therefore, this part of the subject will not be con- 
sidered liere. 

Facial and body prostheses arc divided into two main groups as follow.s; 
1. Those that are purely of a temporary nature, for cosmetii* })urpo.ses 
only, provided to be worn until the defects can be eorrocted permanently by 
plastic surgery. Typiciil examples are ca^cs in which an artificial tip of a 
nose or a section of a cheek aiv made to replace temporarily the actual parts 
lost thvougli disease or injury. In such instances pla.stic surgery will be done 
later and will oliviate the necc.s.sity for the prostheses. 

2. The second group is comprised of ca.ses beyond the help of ]>lastic 
surgeiy. A typical example of this Is an artificial iuind made to replace a 
mi.ssing natural hand. The artificial hand at prc.sent availalilc .should not be 
confused with llic prosthesis liitherto employed. Formerly tlie hand was carved 
from wood or con.struetcd from metal and then covered with a leather glove 
It looked unnatural at all time.s. Now the prosthetic Imnd is made of rubber, 
w’ith tlie shade and texture corrcsimnding to tliat of a real hand and containing 
all the .skin detail. In fact, a fingerprint impression or jiattern cun lie made as 
easily from an artificial rubber hand as from a natural hand. Since the rubber 
is filled witli a plastic material wliich allows the finger-s to lie bent into any posi- 
tion, it may he used for writing, eating, or for carrying ligixt objects. It, too, 
can he covered witii a leather glove w'heii d(a»inible; however, this is unnecessary 
because the rublier hand has the same color and texture as the natural one. 
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At times tlic surgcim and pi-ostlietist togelhei’ should dccidu whicii method 
of repair, surgical or prosthetic, will be most beneficial to the patient. One 
method alone .should not be con.sidcred in alt eases. In otlier words, the surgeon 
and prosthetist sliould weigli the value, desirability, and debilitating effect to 
the patient both ifiiysically and psychologically. 'Wlien an entire car has been 
destroyed, it may bo considered advisable to replace the missing organ with 
a soft rubber prostliesis, ratlier than to attempt tlie reconstruction of the ear 
by plastic surgery. Such surgical procedure has not, to date, been eutii-ely 
successful. When it has lieeu attempted, numerous operations have been per- 
formed over a period of yeans. In fact, one exceptionally competent surgeon 
performed an average of three minor operations a year over a period of fifteen 
years to reconstruct an ear. It is possible that methods will be perfected in 



Fip. 3. — A front view of the same patient, as seen in Figs. 1 and 2. with eyeglasses in 
place. Dark lenses are unnecessarj*. In fact, the frames alone are suitable. The prosthesis is 
not attached in any way to the frames. 


the future wliicli will make the prosthetic ear superfluous. The same criticism 
applies to the reconstruction, of the nose when the entire organ has been de- 
stroyed. However, if both natural alae remain, a presentable nose may be re- 
constructed by plastic surgery. Although the surgical procedure may be 
lengthy and painful to tlie patient, tvith considerable detrimental psychologic 
effect, nevertheless the surgical repair becomes a permanent part of the body. 
It is also logical to reason that should a patient have a minor defect which 
can easily be corrected by plastic surgery, time and expense should not bo 
consumed in preparing a temporary prosthesis. 

In comparison to lengthy siu'gical procedures a prosthesis requires but 
a few hours of time to make. It causes the patient no inconvenience or pain 
during the preparation, application, and wearing. However, it alwaj's remain.s 



670 


THIC .lOURXAJj OK LABORATOKY AXD 


CLIXrCAL .MEDIOIXE 



Fig. 4. — prosthetic hand. The patient’s left hand (the hand on the right in the photo- 
graphs) is artificial. It is filled with a plastic material which permits the fingers to be bent 
into desired positions for use. 


an artificial part which innst be removed, cleaned, and replaced from time to 
time. 

A face prosthesis, if properly compounded and teclmically executed, wiU 
last for years. A prosthetic hand receives more wear and for this reason must 
be replaced more often. This is of little consequence because at any time, a 
new hand can be made from the original plaster or metal mold, which is filed 
away for tliis purpose. In fact, under favorable conditions, artificial rabber 
hands can be supplied immediately from stock molds to replace those members 
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lost by disease or neeideiit. Invariably one oi tliese will be ibiind lo suit tlie 
patient. 

Under no condition sliould a lemporaiy or j)ennaneiit prosthesis be made 
until tliD normal tissues have healed completely and all evidence of edema and 
swelling liave disappeared; othenvise the final prosthesis will not fit the re- 
maining parts of the body. Join Unes, or lines formed u'hcre the artificial part 
joins the natural tissims, will become too evident. Cosmetics, malce-up putty, 
and eyeglass frames cannot be relied upon to hide tlic.se join lines if the pros- 
tliesis does not fit pro])erly. The failure of a prosthesis usually is caused by 
faulty teclniiqiio on tJie ])art of the prosthetist or by the fact that the mold was 
made before the swelling and edema .subsided. In the latter ease the prosthesis 
^dU not fit after tlio tissues have changed in AVhen a ]>rosthesis is made to 
fit over a hairy sui*face, such a.s the upper lip or lower jaw, the hair must be 
kept shaved from the skin ■where the pro.sHicsis is to adhere to the surface. 
Otherwise, the hair will force the prosthesis from the .surface and result in poor 
adiie.sion and visililc join lines. 



Fig. n. Fig. (?. 

Fig. 5.— A pliotogiduli ul u pjtient without .i j«o.'«the!>is. 

Fig. 6. — The same patient as seen In Fig. 5 with a tcmporaiy prosthesis in place. A 
prosOvesIs of this type is made for psychologic and cosmetic purposes only, until the ceces- 
.sary plastic surgery can be accomplished. In this Instance dark glasses were used to hide 
the eye socket until an aitiaciai eye could be supplied. 

Wlien a good adhesive of the proper eoiLsistcnc}' i.s u.sed, tiu* [jatient need 
have no fear of losing the ai’tifieial part; it will cling firmly to tiie surface. 
If the prosthesis is removed from time to time and cleaned before it is rejilaced. 
there will be little possibility of infection. In fact, no case of irritation or 
infection from fbe wearing of a pmsthesis has yet been reported. There have 
licen recorded two cases of patient.s having an idiosyncra.sy to the gum mastic 
used in tlio adhe.sive. Tliis difficulty could have been overcome by substituting 
another gum, such a.s colopliony, which serves cijually well. The author has 
made prostlieses for pliysician.s thonmelvcs; and, aftiu- years of use, tiuy have 
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reported that no infections or irritations ever developed. One of these physicians 
removed his prosthesis eveiy night. Another wore his for a period of fourteen 
days before removing it for cleaning. ■ 

The face and hands may be washed while the prosthesis is in place without 
danger of it coming off or of drastically changing the esthetic effect. However, 
it is desirable that cosmetics be applied after washing. Finally, it must be 
realized that a well-compounded prosthesis will not change in color or shade. 
This does not hold true in regard to skin tones. In summer the skin darkens; 
in winter it lightens. The patient should therefore be supplied with three 
prostheses of slightly different colors to allow for the changes of the normal 
skin. This necessitates but little additional work on the part of the prosthetisi . 
for many rubber casts can be made from the same plaster mold in a short period 
of time. The application of a lotion or powder base and face powder compen- 
sates for the slight color changes that may exist between the actual skin and 
the prosthesis. 

Prosthetic work in the past has been done primarily by dentists, and in- 
variablj’^ this has applied to the oral cavity proper. However, some cases, 
such as wounds of the lower jaw, should have temporary skin prostheses made 
to prevent the continuous dribbling of saliva until a plastic repair may be ac- 
complished. As soon as the loss of saliva is checked, the patient feels better 
and gains weight. In turn, this speeds the day on whieh a plastic procedure 
may be followed to effect a permanent repair. It must be reasoned that saliva 
is essential to normal gastronomic functions and its loss impairs the general 
health of the patient. 
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